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1.0   Abstract, objectives and thesis structure 
1.1 Abstract 
Consumption of fish is well documented as being protective against a number of 
chronic diseases, and as having specific health benefits for many key groups such 
as children, pregnant or lactating mothers, and seniors. Yet in Australia many 
people do not eat fish sufficiently regularly to achieve these documented health 
benefits. A complex intervention approach was used to determine whether a 
socially connected mobile application could address these barriers to 
consumption and lead to increased consumption over time. Formative research 
was used to identify a number of barriers to fish consumption. This research 
guided the development of a mobile application that was then evaluated in an 
exploratory trial. Changes in fish consumption were measured and, while overall 
fish consumption did not differ significantly between intervention and control 
groups, some patterns of application use were associated with increased 
consumption. Implications are discussed for the use of socially connected 





This project sought to evaluate the use of a socially connected mobile application 
to address barriers to fish consumption, with a goal of increasing consumption 
levels. Consumption was measured in serves per week (with a minimum serve 
defined as 40 grams). The target group was defined as Australians aged 18 years 
and over who consume some fish. For the purpose of recruitment, this was 
defined as having eaten fish at least once in the previous three months. 
Participants were also required to possess a compatible smartphone or other 
mobile device. The project comprised three stages: 
1. Formative research including a review of literature and a focus group 
study. The objective of stage 1 was to understand which components 
of the proposed intervention were most likely to have a positive 
impact on fish consumption for Australian adults. 
2. Construction of a socially connected mobile application based on 
findings from stage 1. The objective of stage 2 was to build an 
application which, due to its grounding in evidence from stage 1, 
had a reasonable probability of increasing the fish consumption of 
its users. 
3. An exploratory trial to evaluate the effectiveness of this intervention in 
increasing fish consumption. The objective of stage 3 was to 
determine whether individuals exposed to this application were 
likely to increase their fish consumption over time. In other words, 
whether this intervention had a clinically meaningful effect size, to 
merit further study. 
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1.3 Thesis structure 
A complex intervention involving both a qualitative formative study and a 
quantitative intervention presents certain challenges in describing methodologies 
and results clearly to the reader. This thesis adopts the following structure:  
Chapter 2 examines the literature surrounding the health benefits of fish 
consumption and fish consumer behaviour. It explains why increasing fish 
consumption is an important health goal, and delineates the barriers to 
consumption identified in previous studies. 
Chapter 3 describes the use of mobile technology in health interventions. It 
discusses different approaches and technologies, and provides examples both 
from peer review literature and commercial contexts. 
Chapter 4 examines the notion of a complex intervention, presenting different 
approaches to methodology and evaluation. This chapter places the current study 
within the context of a complex intervention, and defines the project scope as 
comprising the first three phases of the complex intervention methodology. 
Chapter 5 presents a theoretical framework through which the literature might 
be understood, and from which guidance might be taken in developing and 
evaluating this intervention. This section relates to the first phase of a complex 
intervention, known as the theory phase. 
Chapter 6 describes the formative study carried out in advance of the 
intervention. The chapter provides a detailed methodology, presents results, and 
discusses implications for the other components of the study. This forms the 




Chapter 7 describes the development of a mobile application designed in 
response to the findings outlined in Chapter 6, with guidance from the theoretical 
model discussed in Chapter 5. While this chapter omits in depth technical 
explanations, it provides descriptions of key decisions and design methodologies. 
Chapter 8 presents the methodology, results and discussion of the exploratory 
trial, in which this mobile application was evaluated. This is the third phase of a 
complex intervention. 
Chapter 9 discusses the findings of the study as a whole, and implications for 
further research. 
Fish consumption 




2.0   Fish consumption and health: review of literature 
2.1 Fish consumption and health 
Around 1940 chronic disease overtook infectious disease as the leading cause of 
death globally.1 This trend led to substantial changes in public health initiatives 
including a much greater awareness of the role that lifestyle, and in particular, diet 
plays in the health of individuals. 
In 2010, Curtin University’s Centre of Excellence for Science, Seafood and Health2 
(CESSH) conducted a review of literature relating to the health benefits of regular 
consumption of fish as part of a healthy diet. The review adopted the National 
Health and Medical Research Council’s recommendations for rating evidence,3 
assigning each finding a confidence level – from A (High – findings from several 
high-quality studies or one large multi-centre study, with future research deemed 
unlikely to change confidence in the estimate of effect) to D (Very low – findings 
based solely on expert opinion or on studies with significant limitations). Major 
findings designated as high (A) or moderate (B) are summarised in Section 0. 
2.1.1 Specific health benefits 
2.1.1.1 Cardiovascular disease 
• A United States (US) cohort study of 1822 men found that for those who 
consumed more than 35 grams of fish per day (compared with those who had 
none) the relative risk (RR) of death from coronary heart disease (CHD) and 
from myocardial infarction were 0.62 and 0.56 respectively, with a graded 
relation between RR and the strata of fish consumption.4 
• A meta-analysis of cohort studies examined the association between fish 
intake and CHD mortality. The researchers examined 11 studies, incorporating 
13 cohorts and over 22 000 individuals. Fish consumption was found to be 
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inversely associated with fatal CHD, with the researchers concluding that 
eating fish at least once per week may reduce risk. The RR for CHD mortality 
was 0.89 for those who ate one to three serves per week, 0.85 for one serve per 
week, 0.77 for two to four serves per week and 0.62 for five or more serves per 
week. For every 20 gram per day increase in fish intake a 7% lower risk of CHD 
mortality was found.5 
• A cohort study of 84 688 women found that higher consumption of fish and 
omega-3 fatty acids were associated with lower risk of CHD, and particularly 
with CHD deaths, during 16 years of follow-up. The authors argued that there 
is strong evidence to support recommending the consumption of two serves 
of fish per week for the prevention of CHD.6 
• A Japanese cohort study (n = 41 578) investigated whether the association 
between low-to-moderate fish consumption and reduced risk of CHD, 
exhibited in western countries, was also apparent in a population where high 
levels of consumption are the norm. Compared with a modest fish intake of 
one serve per week, higher intake was associated with substantially reduced 
risk of CHD, and particularly nonfatal cardiac events. The risk of CHD was 
around 40% lower among people at the highest quintile of fish intake (eight 
serves per week or about 180 grams per day), than those at the lowest (once 
per week).7 
• An Australian study took a different approach, looking for possible effects of 
fish consumption on microvascular structure. A cohort of 2683 men and 
women were measured for retinal arteriolar and venular diameter. Regular fish 
intake (more than two serves per week, especially of oily fish) was associated 
with slight widening of mean retinal arteriolar diameter and slight narrowing 
of mean retinal venular diameter. Both these metrics are associated with lower 
risk of cardiovascular and cerebrovascular diseases. The authors suggested 
that fish consumption might provide a protective effect by preventing 
pathological changes to microvascular structures.8 
• A cohort study of 4738 older adults found an association between the 
consumption of tuna or other baked or broiled fish, but not fried fish, and 
lower incidence of congestive heart failure (CHF). Consumption of one to two 
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serves per week was associated with a 20% lower risk, compared with an 
intake of once per month. At three to four serves per week, a 31% lower risk 
was observed. Dietary long chain omega-3 fatty acid intake was inversely 
associated with CHF; a 37% lower risk was shown in the highest quintile of 
intake compared with the lowest.9 
• A population-based case-control study measured dietary intake of omega-3 
fatty acids from seafood, and found an association with reduced risk of 
primary cardiac arrest for intake as low as one serve of fatty fish per week. The 
study did not find further reduction in risk at higher consumption levels. The 
researchers speculated that the reduced risk may be due in part to the effect of 
dietary omega-3 fatty acid intake on cell membrane composition.10 
• A cohort study of 3042 Greek men and women found an association between 
fish consumption and lower inflammatory marker levels. This association was 
pronounced in individuals with diabetes or hypertension. The researchers 
concluded that daily consumption of 0.6 g of omega-3 fatty acids seemed to 
be an optimal intake level associated with the maximum reduction in 
inflammatory marker levels.11 
• A population-based prospective cohort study (n = 3910) concluded that the 
cardiac benefits of fish consumption might depend on the type of fish meal 
consumed. The study found that modest consumption of tuna or other broiled 
or baked fish, but not fried fish, among adults aged over 65, was associated 
with lower risk of ischemic heart disease (IHD) death, especially arrhythmic IHD 
death. The authors supported the recommendation of one to two serves of 
fatty fish per week.12 
• A cohort study of 4815 older adults found an inverse association between 
consumption of tuna or other broiled or baked fish and atrial fibrillation. An 
intake of one to four serves per week was associated with a 28% lower risk, 





On the basis of the literature it is almost beyond doubt that fish consumption can 
be protective against cardiovascular disease. Indeed this observation forms the 
basis of several national advisories by health authorities, which have focused on 
the role fish can play in heart health (see section 2.1.3). The Australian Heart 
foundation released a position statement encouraging seafood consumption in 
2008.14 
2.1.1.2 Arthritis 
• A meta analysis of evidence relating to health benefits associated with the 
consumption of fish and omega-3 fatty acids found strong evidence of clinical 
benefit in rheumatoid arthritis (RA), pointing towards at least 14 randomised, 
placebo-controlled, double-blind studies. It found less compelling evidence 
for benefits relating to other inflammatory conditions, including asthma, cystic 
fibrosis and Crohn’s disease.15 
• A Danish prospective cohort study (n = 57 053) investigated associations 
between dietary factors and risk of RA. A relatively small proportion of the 
cohort developed RA (n = 69), reducing the generalisability of results. 
Nevertheless, results indicated that each 30 gram per day increase in intake 
fatty fish was associated with a 49% reduced risk of RA. Fish intake was the 
only dietary factor for which an association was found – there was no evidence 
of an effect from the intake of long chain fatty acids, olive oil, fruit, coffee, 





On the basis of their meta-analysis of studies of inflammatory conditions, Ruxton 
et al. concluded that:  
Evidence for a clinical benefit of LC n-3 PUFA in rheumatoid arthritis is 
robust but this is not the case for other inflammatory conditions, for 
example, asthma, cystic fibrosis, Crohn’s disease, where some studies show 
benefits but overall persuasive evidence is lacking.15 
Recent studies have tended to confirm these conclusions, showing modest but 
encouraging benefits both in the prevention and treatment of rheumatoid 
arthritis.17, 18 However, it is important to note that most of these studies have 
investigated omega-3 consumption via supplementation. In most cases the level 
of supplementation required to detect an effect would not be realistically 
achievable solely via the consumption of fish and seafood. Supplementation is a 
complex issue discussed further in Section 2.1.2. 
2.1.1.3 Asthma and allergies 
• A prospective cohort study of 2531 Norwegian children found a consistent 
negative association between early introduction to fish and risk of asthma and 
allergic rhinitis. After adjustment for confounding variables, the odds ratios for 
asthma and allergic rhinitis were 0.84 and 0.45 respectively, for children who 
consumed fish in their first year of life.19 
• An Australian cohort study (n = 574) found that children who consumed fresh, 
oily fish were less likely to develop asthma or airway hyperresponsiveness. 
After adjustment for confounding variables the odds ratio was 0.26, for those 
who consumed any oily fish, compared to those who consumed none. The 
study found no evidence for significant risk reduction for any other food group 
or nutrient.20 
• A nested case-control study (279 cases, 412 controls) examined the effect of 
maternal fish consumption during pregnancy, and risk of asthma before the 
 12 
age of five years. For children born to mothers with a history of asthma the 
odds ratio for asthma was 0.2 when mothers ate oily fish at least once per 
month during pregnancy, compared with no consumption. Maternal 
consumption of oily fish did not appear to provide a benefit for children of 
mothers with no history of asthma.21 
 
Summary 
As noted in Section 2.1.1.2, evidence for the benefits of fish consumption in 
controlling inflammatory conditions other than rheumatoid arthritis has been 
somewhat less compelling. Nevertheless, the evidence published to date certainly 
merits further investigation, and judicious presentation to consumers is 
warranted. Noting the apparent diversity of impact for different kinds of fish and 
seafood, McManus et al. stated, “Clear delineations need to be made between 
those seafood products that have positive benefits [for asthma control] and any 
that do not.”2 
2.1.1.4 Stroke 
• A cohort study of 43 671 men aged between 40 and 75 years, with a 12-year 
follow-up, found an association between consumption of fish and reduced risk 
of stroke even at relatively low levels of consumption. Compared with those 
who ate less than one serve of fish per month, the multivariate RR of stroke for 
men who ate one to three serves per month was 0.57. No further risk reduction 
was found for higher levels of intake.22 
• A metaanalysis of nine cohorts from eight studies found an inverse 
relationship between consumption of fish and risk of stroke, particularly 
ischemic stroke.23 
• A cohort study of 79 839 women, with 14-year follow-up, examined 
relationships between fish and omega-3 fatty acid intake, and risk of specific 
categories of stroke. For all strokes, after adjusting for age, smoking and other 
cardiovascular risk factors, the researchers calculated a multivariate RR of 0.93 
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for consumption of one to three serves per month, compared with less than 
one. The RR was 0.78 for one serve per week, 0.73 for two to four times per 
week, and 0.48 for more than five serves per week. Higher consumption of fish 
and omega-3 fatty acids was associated with a reduced risk of thrombotic 
infarction, especially among women who did not take aspirin regularly. No 
relationship was observed with the risk of haemorrhagic stroke.7 
• A cohort study of 4775 adults aged 65 years or over found an inverse 
association between fish consumption and both total stroke and ischaemic 
stroke. A 27% lower risk of ischaemic stroke was observed with an intake of 
one to four serves per week. In contrast, regular consumption of fried fish or 
fish sandwiches (burgers) was associated with increased risk of all forms of 
stroke studied. No association was found between fish consumption in general 
and haemorrhagic stroke.24 
• A United Kingdom (UK) cohort study of 24 312 adults found inconsistent 
associations between fish consumption and apparent health benefits. While 
consumption of oily fish was significantly lower among women who 
subsequently had a stroke, no significant relationships were found between 
total fish or shellfish consumption, and risk of stroke, after adjustment for 
confounding variables. The authors remarked, “Inconsistencies in the 
observed health effects of fish consumption in different populations may 




The evidence showing that fish consumption is protective against stroke is quite 
robust. This is perhaps unsurprising given the weight of evidence relating to fish 
consumption and cardiovascular disease, and the many risk factors shared by 
these two conditions. 
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2.1.1.5 Cancer 
• A prospective cohort study of 6272 Danish men found, at 30 year follow-up, 
that men who ate no fish had a two- to three-fold higher frequency of prostate 
cancer than those who ate moderate or high amounts of fish.26 
• A cohort study of 47 882 men found, during 12 years of follow-up, that eating 
more than three serves of fish per week was associated with a reduced risk of 
prostate cancer, with the strongest association being for metastatic prostate 
cancer (multivariate RR = 0.56, compared with intake of less than two serves 
per month). A similar but weaker association was found for intake of marine 
fatty acids from food, leading the authors to speculate that this reduction in 
risk might be associated to some extent with marine fatty acids from food, but 
that there might be a role played by other factors related to fish.27 
• A study examined population data for 36 countries over ten time periods. 
After adjusting for smoking and other confounding variables the authors 
found a significant inverse correlation between fish consumption and lung 
cancer mortality in all ten periods. Additional statistical analyses showed 
varying levels of association in different countries (especially when cigarette 
smoking was taken into consideration), and between men and women. The 
authors concluded, "Fish consumption is associated with a reduced risk from 
[lung cancer mortality], but this possible protective effect is clear-cut only in 
men and in countries with high levels of cigarette smoking or animal fat 
consumption.”28 
• Researchers conducted a meta-analysis of cohort studies that had examined 
associations between fish consumption, omega-3 fatty acid intake, and 
colorectal cancer incidence or mortality. After pooling results from 19 studies, 
fish consumption was found to slightly reduce risk of colorectal cancer, with a 





Fish consumption appears to be related to reduced risk of some forms of cancer, 
particularly those for which there is an established nutritional dynamic. However 
the extent of this association, and the mechanisms by which any protective effect 
occur, remain unclear. Presentation of this evidence to consumers should be 
judicious, and placed within the context of overall diet and lifestyle 
considerations. 
2.1.1.6 Diabetes 
• A longitudinal observational study observed 1770 children defined as being of 
high genetic risk of type 1 diabetes. Dietary intake of omega-3 fatty acids was 
found to be associated with a decreased risk of islet autoimmunity, a precursor 
to type 1 diabetes.30 
• Comorbidity of diabetes and CHD is common.31 A study looked for incidences 
of CHD in a cohort of 5103 women with type 2 diabetes, at 17-year follow-up. 
Compared with women who consumed less than one serve of fish per month, 
the RR of CHD (after adjustment for confounding variables) was 0.7 for fish 
consumption one to three times per month, 0.6 for once per week, 0.64 for 
two to four times per week, and 0.36 for five or more times per week. A 
significant association was also found between higher consumption of fish 
and reduced risk of total mortality for women with type 2 diabetes.32 
 
Summary 
Further research is needed to understand the impact of fish consumption on 
diabetes risk, and the role it can play in effective diabetes management. However, 
a number of studies have highlighted the benefits of a Mediterranean diet in 
reducing the risk of type 2 diabetes.33-35 This dietary pattern is characterised by 
higher intake of fruit, vegetables, fresh fish and low glycaemic index 
carbohydrates,2 and should be encouraged for the prevention and management 
of diabetes, as well as a number of other conditions. 
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2.1.1.7 Maternal fish consumption and child development 
• A cohort study of 8729 pregnant Danish women found that among those who 
consumed fish at least once per week, occurrence of preterm delivery was 
1.9%. This was significantly lower than the 7.1% occurrence in a group who 
consumed no fish. Low consumption of fish was a strong risk factor for both 
preterm delivery and low birth weight.36 
• A higher blood concentration of omega-6 fatty acids and/or trans fatty acids, 
relative to blood concentration of omega-3 fatty acids found at high levels in 
fish and seafood, has been shown to be associated with a number of health 
risks.37 A cohort study of 12 371 pregnant women in the Netherlands found 
that an adverse fatty acid profile in early pregnancy was associated with lower 
birth weight.38 
• A cohort study of 25 446 Danish children found that higher maternal fish 
consumption during pregnancy was associated with attainment of 
developmental milestones at 6 and 18 months. The odds ratio was 1.29 for the 
highest quintile of fish consumption, compared with the lowest.39 
• A cohort study of 11 875 pregnant women found that maternal seafood intake 
greater than 340 grams per week was associated with better child cognitive 




There is a robust body of evidence warranting the promotion of fish consumption 
for pregnant women. However, the increased implications of potential fish 
contaminants such as mercury mean that further consumption guidelines should 
be presented to this group. Weighing the relative importance of consumption 
recommendations and protective advice is a complex issue addressed in depth in 
Sections 2.1.3 and 2.2.6. 
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2.1.1.8 Mental health 
• A review of evidence found that omega-3 fatty acids might be of therapeutic 
value in the treatment of depression. Furthermore, evidence was found for 
associations between fish and seafood consumption and reduced risk of post-
partum depression, bipolar disorder and seasonal affective disorder.41 
• A cohort study of 3204 Finnish adults found that, after adjustment for 
confounding variables, the incidence of depressive symptoms was 
significantly higher among infrequent fish consumers than frequent 
consumers.42 
• A cross sectional survey of 4644 New Zealand adults found a significant 




The evidence for mental health benefits accruing from fish consumption may best 
be described as emerging at this time. 
2.1.1.9 All cause mortality 
• A US cohort study of 20 551 men, with an 11-year follow-up, found that fish 
intake was associated with significantly reduced risk of total mortality. For men 
who consumed fish at least once per week the multivariate RR of sudden 
death was 0.48 compared with men who consumed fish less than once a 
month.44 
• A metaanalysis of evidence found that modest consumption of fish (one to 
two serves per week), especially species higher in omega-3 fatty acids, reduced 
the risk of total mortality by 17%.45 
• A cohort study of 18 244 Chinese men found that weekly fish or shellfish intake 




Impact on all cause mortality would be expected to reflect the range of health 
impacts found for specific conditions. This appears to be the case; given the 
strong evidence of impact on cardiovascular health, and emerging evidence of 
impact in a wide range of other areas, it is unsurprising that studies have found 
links between fish consumption and reduced total mortality. This should be a 
prominent message in consumer communications. 
 
2.1.2 Omega-3 fatty acids, oily and non-oily fish, and nutritional 
supplementation 
Much of the evidence for health benefit from fish consumption is associated with 
ingestion of omega-3 fatty acids, particularly in the case of CHD and adverse 
cardiac events.9, 45, 47-50 These essential polyunsaturated fatty acids are not 
produced by the human body, so must be ingested from food. Of the three long-
chain omega-3 fatty acids found in food, evidence for health benefit is most 
strongly related to eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), 
both of which are predominately marine-sourced. The third, alpha-linoleic acid 
(ALA), is mainly found in seed crops such as soybean, canola and linseed.51 It 
should be noted that while the body readily absorbs the majority of EPA and DHA 
ingested, only 3-8% of ALA ingested is converted into beneficial fatty acids.52 
As the evidence of health benefits from omega-3 fatty acid consumption has 
disseminated publicly, the market for nutritional supplements and fortified foods 
has increased. Researchers have examined the efficacy of these alternative sources 
of omega-3 fatty acids, finding that bioavailability can vary markedly depending 
on concentration, formulation, ingestion circumstances (e.g. during a meal or in 
isolation) and, for some forms of supplement, method of encapsulation.53, 54 
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Clearly the regular selection of oily fish species should be emphasised in order to 
maximise the potential for health benefit. It is important for consumers to 
understand that all fish are not nutritionally equal, and neither are all methods of 
fish preparation. However, a sole focus on oily fish would be unrealistic, and 
omega-3 fatty acids are by no means the only explanation suggested in the 
literature for favourable health outcomes. Many fish and seafood species contain 
significant levels of other important nutrients such as iron, selenium, iodine, 
folate, calcium and vitamins A, E, D and B12, and are lower in fat, cholesterol and 
overall calorie count than red meats or poultry.55 Individuals increasing their 
habitual fish consumption will in most cases be substituting fish for other forms of 
protein, including red meat and poultry. All other factors being equal, this is likely 
to reduce those individuals’ fat and cholesterol intake, with well-documented 
health benefits.2, 14 
2.1.3 Consumption recommendations 
There is no definitive agreement on the optimal level of fish consumption. Some 
studies have reported benefits from as little as a single serve per month, while 
others have found evidence that benefits magnify as consumption increases, up 
to and beyond five serves per week. How, then, should this or any other 
intervention assess an appropriate level of fish consumption to advise or target? 
As with any food category it is important to consider both the risks and benefits of 
advocacy. Fish and seafood are in many cases the primary vectors for human 
exposure to a number of environmental contaminants, including methylmercury, 
arsenic and other organic pollutants.56 When determining optimal consumption 
levels for public advisory campaigns it is vital to take a risk-benefit approach. 
Failing to do so can lead to contradictory, confusing public messages. This may 
lead some groups of individuals – for example, pregnant or lactating women – to 
err on the side of caution and omit fish from their diet. In doing so they may miss 
the opportunity for health benefits for themselves, and developmental benefits 
for their children.57-59 
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A number of government agencies and other groups have undertaken just such 
an analysis. The World Health Organization stopped short of making specific, 
numerical recommendations, but was clear in advocating for the promotion of 
fish consumption, and of the relative importance of benefits over potential risks:  
Among the general adult population, consumption of fish, particularly fatty 
fish, lowers the risk of mortality from coronary heart disease. There is an 
absence of probable or convincing evidence of risk of coronary heart disease 
associated with methylmercury. Potential cancer risks associated with 
dioxins are well below established coronary heart disease benefits from fish 
consumption.60 
Similarly, a US Food and Drug Administration report found that, on balance, fish 
consumption should be recommended, primarily on the grounds of strong 
evidence for improved cardiovascular outcomes and neurodevelopmental 
factors.61 In relation to the latter, the report suggested that limiting maternal fish 
consumption might be inadvisable. The 2010 Dietary Guidelines for Americans 
advised the consumption of eight ounces (227 grams) of seafood per week, while 
noting that average consumption at the time of writing was only around half this 
level.62 
The French Food Safety Agency took a comprehensive, structured approach to 
comparing risks and benefits, examining a number of species commonly 
consumed in France. It made the following recommendation: 
AFSSA…recommends, for the entire population and as part of a balanced 
diet, consuming 2 servings of fish per week, including one with high EPA 
and DHA levels, and varying the species and source (wild, farmed, fishing 
location, etc.). This consumption optimally meets nutritional requirements 
while limiting the risk of over-exposure to chemical contaminants.63 
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Food Standards Australia New Zealand looked at common species available in the 
two countries in its jurisdiction and concluded that two to three serves per week 
of most common species could be safely consumed.64 It recommended limiting 
the consumption of some species containing higher levels of mercury (including 
orange roughy, catfish, shark and billfish), particularly for children or pregnant 
women. This was also reflected in a 2008 Australian Heart Foundation position 
statement, which recommended that Australians consume two or three serves of 
fish per week.14 
In line with this advice, and with reference to the body of evidence suggesting 
benefits from higher levels of weekly consumption, the present study adopted 




2.2 The fish consumer 
2.2.1 Fish consumption: overview of drivers and barriers 
Given the clear evidence of associations between fish consumption and health 
benefits, and the fact that in many countries people do not consume enough fish 
to fully realise these benefits,65 there has been considerable research into factors 
limiting consumption. Much of this investigation has taken place in Europe,66-76 
with particularly strong focus in Scandinavia.77-87 A number of fish consumption 
studies have also been conducted in the US,57-59, 65, 88-95 Australia96-104 and Asia.105-108 
The literature is consistent in identifying factors such as price, taste preferences, 
and lack of confidence in selecting and preparing fish.65, 75, 76, 104 However, despite 
these common misgivings, there is a very high level of awareness of the health 
benefits of fish consumption. The literature suggests that people generally know 
that fish is good for them, they feel good when they eat it, and many would like to 
eat it more regularly.75, 109 For example, one Australian study (n = 899) reported 
that 56% of respondents intended to eat more fish than they currently did, that 
95% ate fish because they saw it as a healthy option, and that 50% felt morally 
obliged to serve it to their families.110  
Given the subjectivity of the issues involved it is perhaps unsurprising that no 
clear consensus has emerged about the most important factors in determining an 
individual’s fish consumption. However many studies have highlighted factors 
directly related to the process of purchasing and consuming fish, including taste, 
convenience, availability, quality, and cost, as being important determinants of 
consumption. Some studies have also pointed towards less direct cognitive or 
social factors such as knowledge of health benefits and risks, social norms, moral 
obligation (e.g. to serve fish to family members) or environmental issues. These 
studies, and several of the most commonly cited consumption determinants, are 
discussed in detail below. 
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2.2.2 Taste preferences 
Taste is a highly subjective experience. What one person views as a delicacy may 
be seen as quite unpalatable by someone else. This is particularly true of foods 
with a strong or distinctive flavour; these foods are often either loved or loathed. 
Fish and seafood may be seen as belonging to this category of strong or 
distinctively flavoured foods, although the many species and varieties encompass 
a wide spectrum of flavours, textures and other sensory qualities. 
Almost all studies of fish consumption behaviour cite taste preferences as a key 
determinant of consumption, with some suggesting that this is the most 
important factor.78, 111, 112 A recent Australian survey (n = 262) found that taste 
preferences were the second most important influence among those who ate fish 
(behind health benefits) and, conversely, were an important barrier among those 
who did not.113 
Of course most adults do not eat in isolation; the taste preferences of family 
members such as partners and children may have a large bearing on the food an 
individual consumes. Verbeke and Vackier76 found that the presence of children 
under the age of 18 years was associated with significantly less fish consumption 
in a family. Their theory of planned behaviour (TPB) study examined the impact of 
the external social norm, including the perceived opinions of friends, doctors and 
nutritionists, and the impact of advertising. They found that the impact of this 
social norm was significantly lower in families with children. Another study of 
9407 Norwegian women found that the presence of teenagers in a household was 
associated with a negative response to the question “Do you eat enough fish”. The 
authors speculated that “women with teenage sons or daughters feel dominated 
by their youngsters’ tastes, and—unlike in households with younger children—do 
not feel confident enough to enact their own personal preferences.”79 A 
qualitative Australian study found further anecdotal evidence of the impact of 
partners and children on fish consumption, reporting that when the father or 
dominant male in a family did not eat seafood, it was seldom prepared.104  
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So why do some people like the taste of fish, while others strongly dislike it, and is 
this distaste something that can be overcome? One possible explanation is the 
role of childhood experience and early exposure. Fischer and Frewer72 found that 
a low level of fish consumption during childhood was strongly associated with 
lower adult consumption, and with measures of food neophobia in relation to fish. 
This association between childhood and adult consumption was also reported by 
Trondsen et al.79 Strong food neophobia may be difficult to overcome, given its 
apparent roots in evolutionary self-protective instinct.114, 115 However the relative 
diversity of fish species, encompassing those with both mild and strong flavours, 
may mean that it is possible to educate individuals to find fish species that are 
acceptable both to them and to their family members.100 
2.2.3 Availability, quality and convenience 
People can only eat food that is available to them, and many studies have found 
that the availability of good quality fish has a significant impact on individuals’ 
consumption.71, 76, 79, 80, 116 Of course, availability can be a subjective construct. 
Different people may have different levels of tolerance for inconvenience, and 
different thresholds for deciding that fish is simply too hard to obtain. This 
threshold may depend a great deal on the degree to which a person wants to eat 
fish, meaning that this issue is compounding. Those who are predisposed to 
eating fish will try harder to source it, including going further out of their way. 
Those who are less inclined may give up more easily, or look no further than the 
seafood counter at their local supermarket. If this counter only supplies a limited 
range of fish, or if the freshness or overall quality is low, this will further exacerbate 
the problem. 
An Australian survey (n = 899) investigated what the researchers called the 
“perceived mental availability” of seafood.98 Over half of respondents (57.1%) said 
that they would eat more fish, were it more readily available, with nearly half 
(45.8%) saying that it was more difficult to find good fish at the place were they 
did their regularly weekly shop, compared with other meats and poultry. The 
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study also showed that perceived lack of availability was higher among light 
consumers than those who ate fish regularly. 
Improving the actual availability and quality of fish is important, but well beyond 
the scope of the present study. However there is some evidence that education 
campaigns may be able to improve perceptions of the availability of fish. Between 
1996 and 1999 a large-scale advertising campaign was undertaken in Denmark, 
coordinated by the Danish fish sector and jointly funded by the European Union 
and Danish state.80 An evaluation was carried out before and after the campaign 
to determine its effectiveness, using the TPB to analyze various factors determined 
to have a bearing on consumption. At baseline, prior to the campaign, perceived 
availability of fish in local shops was found to have a significant impact on the 
purchase of fresh fish. After the campaign, perceived availability no longer had a 
significant impact on either intention to purchase, or actual consumption 
frequency. 
It is interesting to note that many studies, when asking participants about the 
availability of fish, asked them about “fresh” fish. For example, “Fresh quality fish is 
not readily available where I shop”98 or “Perceived barriers: lack of fresh fish”.79 A 
recent Australian survey (n = 239) reported significant confusion among 
consumers with regard to the meaning of the term “fresh”, as applied to fish and 
seafood.97 Only around 15% recognised the generally accepted definition of 
indicating that the product had never been frozen. In any case, it seems likely that 
this was not the intended definition in many of these consumption studies. In 
most cases these researchers appeared to be using fresh either as a synonym for 
good quality, or to differentiate from canned or otherwise processed fish. It is 
highly probable that participants in these studies were thinking of many different 
things when asked about the availability of fresh fish. For example, local 
supermarkets in most Australian cities stock a variety of chilled fish fillets and 
seafood such as prawns and shellfish. However much of this fare will have been 
frozen shortly after capture and subsequently thawed for presentation. It may be 
beneficial for consumption studies to tighten the language used in these 
questions to gain a clearer insight into both real and perceived fish availability. 
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Convenience does not only relate to the ease with which fish can be obtained, but 
also the relative ease with which it can be stored, prepared and served. Several 
studies have found that fish is perceived to be a less convenient meal option than 
other meats and poultry, and that this perceived inconvenience can be a 
significant barrier to consumption.82, 87, 117 In particular, a large study (n = 4786) 
carried out across five European countries in 2006 found that fish was commonly 
considered to be a relatively inconvenient food.117 This was particularly true for 
strongly convenience-oriented individuals (as measured on a separate scale), with 
such individuals appearing to amplify the inconveniences associated with fish 
consumption. The authors did note that many people in all five countries 
surveyed considered fish to be a convenient food, and speculated that this may 
have related closely to individuals’ level of experience and confidence with fish. 
2.2.4 Confidence 
Fish and seafood are quite unlike any other protein source, in terms of diversity. By 
way of comparison, consider chicken: consumers might differentiate between 
sources (for example, caged or free-range, local or imported), and may have a 
taste preference for certain products. However, despite the fact that many 
different chicken breeds are commercially available, this information is neither 
offered by producers nor sought by consumers; chicken breed simply does not 
have an impact on cooking or eating characteristics discernable to the average 
consumer. 
Beef breeds are somewhat better known. Premium breeds such as wagyu and 
Angus fetch higher prices because many consumers can discern differences in 
their culinary characteristics, including fat profile, tenderness and flavour. 
However, outside of these premium breeds, most consumers are unlikely to 
discern between different cattle breeds, tending to rely more on the type of cut as 
an indicator of quality. Even when a consumer buys a premium beef breed, they 
do not generally anticipate needing to cook it fundamentally differently to less 
expensive breeds; the cooking methods are the same, but the expected outcome 
is different. 
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Fish and seafood are entirely different. There are hundreds of species 
commercially available in Australia, and each is marketed explicitly by name. No 
one would buy fresh fillets of a product simply called “fish”. Many consumers are 
happy to buy generic processed fish products, such as fish fingers or fish cakes, 
but even in these cases the type of fish used will be stated somewhere on the 
packaging.  
There is a fundamental biological difference at play. In the case of chicken and 
beef we are dealing with different breeds of the same species - Gallus gallus 
domesticus and Bos taurus respectively – created over time via selective 
husbandry. With fish, we have entirely different species, some biologically close 
and others not. Although humans have proved adept at the use of selective 
breeding to create very distinct breeds (witness the difference between a 
Chihuahua and a great Dane, for example), they have not yet approached the 
effectiveness of nature in generating biological diversity. While we usually speak 
about different species of fish and seafood, humans in fact consume aquatic 
creatures from different species, genera, families, orders, classes and even phyla. It 
is hardly surprising that flavours, textures and cooking techniques vary so widely. 
Put simply, selecting and cooking fish and seafood requires more knowledge than 
other meats. Where people do not have such knowledge, they are more likely to 
make mistakes, such as choosing inappropriate species or cooking methods. A 
chosen fish may be too strong in taste for the consumer or their family. It may fall 
apart in an undesirable way, be too tough or rubbery after cooking, or contain too 
many bones.67, 118, 119 
Studies of fish consumption behaviour have commonly reported that lack of 
confidence selecting, storing and preparing fish has been a significant barrier to 
consumption for many people.71, 76, 103, 104, 120 This is a multifaceted issue, 
contributed to by many ways in which fish differs from other meats and poultry. 
As well as this broad biological diversity, fish is also sourced in many more ways 
than other meats – it may be wild caught or farmed, from fresh or salt water, and 
consumers may perceive differences.73 Safety concerns may also play a role, with 
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fish and seafood commonly perceived as potential sources of food poisoning. As 
such, people may consider that there are high stakes at play when determining 
the freshness of fish they are purchasing, when storing, refrigerating or freezing 
fish, or when ensuring that fish is eaten within an appropriate time period.101 
An Australian study (n = 899) reported that half of respondents (51.1%) thought 
that fish was more difficult to assess for freshness and quality than other meats, 
with almost a third (29.3%) admitting that they did not know how to select fish, 
and around a quarter (23.1%) saying that they did not know how long they should 
keep fish before cooking it.98 This general lack of confidence in quality assessment 
has been reported in a number of studies from different countries.65, 71, 104, 120 
In many cases the authors of these studies have recommended the use of 
education initiatives to improve consumer confidence. A survey of 1062 US 
consumers found a large gulf between the perceived importance of various 
seafood purchase factors and consumers’ confidence assessing those factors.65 For 
example, 75% of respondents thought that seafood quality was an important 
purchase consideration, but only 29% were confident or very confident in 
assessing this. Furthermore 62% of respondents were concerned about 
contaminants, but only 14% felt confident in making educated decisions. The 
authors concluded: 
While consumers feel seafood quality and handling are important factors in 
making their seafood purchasing decisions, they do not have the 
knowledge/confidence to buy and prepare seafood products. Outreach 
education, targeting these key seafood topics, could help consumer 
confidence in purchasing and preparing seafood at home for the moderate 




Fish tends to be a perceived as a somewhat expensive protein source in many 
western countries.71, 73, 121, 122 Australia, while surrounded by largely temperate seas, 
is faced with high labour costs, relatively restrictive catch limits and complex 
transportation logistics that place upward pressure on the price of locally sourced 
fish and seafood products.123 Around three quarters of the fish and seafood 
consumed in Australia is imported, primarily from Thailand, New Zealand, Vietnam 
and China.123 A 2010 survey of Australian seafood outlets found that seafood 
prices were much higher than equivalently sized portions of beef or chicken; 
premium skinless and boneless chicken fillet was typically priced around AU$15 
per kilo, while premium fish fillets usually retailed at two to three times this 
price.124 In addition highly economical cuts such as boneless chicken thighs were 
found to retail between AU$4-6 per kilo, a price that was not matched by any fish 
or seafood product, local or imported. Whilst seasonal, local whole fish was 
sometimes offered at an economic price, this required more preparation work on 
the part of the consumer, as retailers were generally unwilling to put labour costs 
into less expensive fish. 
Portion sizes may play a role in consumer price perceptions. Many consumers may 
try to match fish serving sizes to those of other protein sources, such as beef, 
chicken, lamb or pork, and be deterred by cost comparisons. However in most 
cases they may be able to obtain a similar amount of protein from a smaller serve 
of fish. A 100 gram serve of fish may contain 2-3 times as much protein as beef. 
Furthermore, the amount of protein in a given species of fish is relatively stable 
compared to other sources of animal protein, as the flesh undergoes much less 
modification related to age and diet, particularly for wild-caught fish.63 
The perceived high cost of fish has often been cited as a barrier to consumption, 
both in Australia and elsewhere.65, 70, 101, 103, 104 As one forthright participant in an 
Australian focus group put it, “You actually need to take out a second mortgage if 
you intend to buy seafood. It is not cheap.”103 Australian retailers have been 
encouraged to focus on value proposition, the presentation of smaller, more 
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affordable portions, and educating consumers about the possibility of 
constructing good family meals from smaller quantities of fish and seafood, such 
as stir fries, salads or pasta dishes.110, 124  
There is conflicting evidence about the relationship between price, perceptions of 
affordability, consumer income and fish consumption. A large US study (n = 15 
407) found that people with lower income ate significantly less fish and seafood 
than those in higher income brackets.91 This apparent link between higher income 
and higher fish consumption has been reported in a number of studies.65, 69, 90, 92 
Other studies, however, have found either no association between income and 
fish consumption,79, 84 or an association only with intention to consume, rather 
than actual consumption.76 Even where consumers believe fish is relatively 
expensive, this does not appear to always act as a deterrent to consumption. A 
study in the UK75 and another in Finland77 found no association between 
perceived price and consumption. Issues of price, affordability and consumption 
are clearly complex, and defy simple causal explanations. 
2.2.6 Perceptions of health benefits and risks 
It is almost unequivocal that a large majority of people believe that fish is a 
healthy food, with this finding reported in studies from Europe,69-71, 73, 83 Australia101, 
125 and the US65, 92 In these studies, where reported, the overall perception of fish as 
a healthy food ranged from 77-93%. However it has been observed that this high 
level of recognition of the healthful properties of fish means that it is difficult to 
see this as a significant differentiator for consumption; if most people know that 
fish is healthy, why do some people eat it regularly while others do not?83 Indeed, 
at least two studies have found no correlation between a high level of food health 
awareness and individuals’ actual or intended fish consumption frequency.68, 76 
In some cases the perception that fish is a healthy food may be counterbalanced 
by the notion that it can contain harmful contaminants, such as mercury and 
other heavy metals. As discussed in Section 2.1.3, many health advisories have 
taken the approach of presenting balanced cost-benefits messaging and, while in 
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almost all cases these advisories have on balance recommended consumption,60, 
62-64 the relative risk/benefit message may have been perceived differently by 
different individuals. These advisories have often recommended limiting the 
consumption of certain species of fish more likely to contain heavy metals (such as 
shark and swordfish), particularly for children, seniors and women who are 
pregnant or breastfeeding.62, 64 In some jurisdictions members of these groups 
have also been advised to limit or omit some species of tuna from their diet.56, 60, 126 
This advice may have had a more significant impact on overall consumption, 
given the fact that in many places canned tuna makes up a considerable 
component of overall fish consumption,102, 121, 125, 127 and that it is sometimes 
difficult to know the exact species of tuna in any given canned product. 
In some cases these warnings, or other information sources, may have caused 
people to limit their consumption of all fish, perhaps seeing this as the safest 
option. At least two studies have found that women in advisory target groups 
over-limited their fish consumption in response to advisories,57, 59 and a further 
two observed this effect even among non-targeted individuals.88, 89 Evaluation of 
the advisory used in the US state of Maine concluded that carefully-considered 
messages that emphasised low-mercury species substitutions could effectively 
minimise risk for pregnant women while avoiding the reduced overall 
consumption that had occurred after the issue of some other advisories.58 
Different studies have reported conflicting results with respect to the relative 
awareness of the benefits of fish consumption, and the risks (for example, of 
contaminants). One 2005 study of Belgian consumers (n = 429) concluded that 
participants were more aware of the effect of potentially harmful substances in 
fish than they were of its specific nutrients (although this did not necessarily 
prevent them from eating fish or viewing it as, on balance, a healthy food).69 A 
somewhat contemporaneous US study (n = 329) found that almost all 
respondents (94%) were aware of the health benefits of eating fish, with 
significantly fewer being aware of its potential risks (70%).94 
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One study found significant differences in knowledge of the nutritional 
composition of fish and seafood between younger and older participants. 
Younger people (under 25 years) were generally better informed about the 
nutrients found in fish, particularly omega-3 fatty acids, but were also more aware 
of the potential effects of contaminants. On average younger participants ate fish 
less often than older participants, who were less well informed yet tended to hold 
a stronger belief that fish was, on balance, a healthy food. The authors observed: 
It should be noted that today’s consumers in the >40 years age group have 
typically been educated with product-based nutrition information like 
‘eating fish is healthy’, whereas today’s adolescents have rather been 
educated with nutrient-based messages like ‘fish contains omega-3 fatty 
acids, which is beneficial for human health’. The findings of our study 
suggest that this difference in the scope of public health and nutrition 
education is reflected in consumers’ beliefs about fish.69 
The study further found that, when consumers thought they had a good 
understanding of the nutritional composition of fish and seafood, they were not 
always correct. For example 46% of participants believed that fish was a good 
source of dietary fibre, which is not the case. This belief was stronger among 
females. Less than a third of participants (31.8%) believed fish contained omega-3 
fatty acids. 
It seems clear that people are more likely to think of fish as being a generally 
healthy food, than they are to be able to name its specific nutrients or benefits. 
One study found that, despite almost universal recognition of the generally 
healthful properties of fish, less than half of participants (45%) said that fish was 
high in omega-3 oils, only 15% believed that these oils were healthy, and only 5% 
were aware that eating fish can lower cholesterol.94 This common awareness of 
the general, but not specific, health benefits of fish consumption has been 
reported in several other studies.65, 69, 93 
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2.2.7 Environmental issues 
A qualitative Australian study conducted 1005 face-to-face interviews with 
consumers, asking a wide range of questions about fish consumption and 
attitudes.96 The researchers noted that unprompted discussion of sustainability 
and other environmental issues was rare. Where discussions of environmental 
issues occurred they tended to focus on the sustainability of certain species 
(primarily orange roughy), on the use of antibiotics in feedstuffs for aquaculture, 
and on the possibility of genetically modified organisms escaping from fish farms 
and breeding with wild stock. When promoted about these issues, most 
participants told the researchers that they had not previously given much 
attention to sustainability issues, but that they supported the management of 
fishing and aquaculture in ways that would minimise impact on stock levels, and 
on the environment more generally. This study was conducted between late 2004 
and early 2005; it may be the case that consumer awareness of these issues has 
heightened over the subsequent decade.92, 119 
A more recent US survey (n = 202) assigned participants to one of two groups 
based on their responses to questions about fish and ecological sustainability: 
those who were generally concerned about such issues and those who were 
largely indifferent.92 Ecologically sensitive respondents tended to be male and to 
reside in urban areas of the West Coast and Southern US. The authors also 
reported a number of differences in consumption behaviour between these two 
groups. Respondents who were ecologically sensitive ate fish more often when 
eating out than those who were not, although the latter group ate fish more often 
at home. Ecologically sensitive respondents tended to eat fish because they 
viewed it as healthier and more environmentally friendly than other meats while, 
for less ecologically minded respondents, taste was the primary reason for eating 
fish. 
These findings somewhat contrasted with those of a Spanish study (n = 450) 
where females were found more likely to be environmentally conscious fish 
consumers than males (although the authors cautioned that their sample was 
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disproportionately female).128 This study drew attention to the complex nature of 
environmental concern, as it relates to fish consumption. Some individuals are 
concerned about the sustainability of wild-caught fisheries, and regard 
aquaculture (fish farming) as a good, environmentally conscious alternative. For 
others this is reversed – aquaculture is seen as a concern, due to overharvest of 
species used as food sources, animal welfare or degradation of water quality, 
while wild fishing is viewed as a more sustainable or healthy option. Others view 
both options as concerning, while others still are concerned about neither wild 
nor farmed fish. 
2.2.8 Information sources 
A US survey of 1062 adults categorised respondents as current seafood eaters 
(CSE), former seafood eaters (FSE) or non-seafood eaters (NSE).65 Among FSE and 
NSE respondents, the most common reason given for not eating seafood or 
changing consumption habits was taste preference (46%). For current seafood 
eaters the most common reason was affordability (45%). The survey also asked 
respondents about sources of seafood information, both positive and negative, 
that they had encountered, and about sources from which respondents would 
prefer to receive seafood information. The media topped both the list of positive 
information sources (51% of respondents recalled encountering positive media 
information about seafood) and the list of negative sources (46%). Also commonly 
mentioned were family and friends (34% positive, 20% negative) and the Internet 
(27% positive, 16% negative). The media (30%) and the Internet (14%) were the 
two most preferred information sources overall, as shown in Figure 1. 
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Figure 1. Preferred sources of seafood information in a 2008 US survey.65 
A 2009 review of literature and media messaging around fish consumption 
concluded: 
There are many credible organisations, institutions and educational bodies 
promoting the healthy benefits of seafood as part of a healthy diet. The 
most pressing issue at hand is to provide these drivers with appropriate 
messages that are based on the highest level of evidence available...Proven 
marketing and communication techniques used to effectively promote 
other foods should be considered as a basic framework for the 
communication of regular seafood consumption…The framework should be 
well founded in behaviour change communication models in order to effect 
changes in behaviour within specific target groups chosen.2 
Addressing consumer concerns, equipping people to be more confident in 
selecting and preparing fish, and debunking some of the common myths 
surrounding fish consumption are keys to increasing consumption and seeing 







3.0   Mobile technology and health interventions: review of 
literature 
3.1 What is mobile technology? 
Terms such as mobile technology, mobile device and smartphone have evolved in 
meaning over the last decade. While all three terms were in earlier use, the 
technologies they refer to have changed significantly. Broadly speaking the term 
mobile technology refers to the use of cellular data transmission for wireless 
communication. Such communication was limited initially to voice calling, with 
the first handheld mobile telephones being developed in the early 1970s, before 
rapidly miniaturising and growing in popularity over the following 30 years. Short 
messaging service (SMS) was added in the early 1990s, enabling the transmission 
of messages containing up to 160 characters of text between compatible 
devices.129 
The development of second-generation (2G) digital cellular networks created 
opportunities for the transfer of larger quantities of data at higher speeds, and led 
to the creation of protocols for Internet access via mobile phones, including 
wireless application protocol (WAP). This enabled limited access to certain types 
of websites and web services designed to communicate via these protocols. The 
highly limited nature of these protocols, and limited development of user-friendly 
interfaces by mobile phone manufacturers, resulted in limited uptake of these 
technologies; although many mobile phone users through the 1990s and early 
2000s had some level of mobile Internet access, relatively few opted to take 
advantage of these capabilities, or even knew of their existence.130 
Early smartphones, popular in Japan from the early 2000s and achieving some 
level of success outside of Japan from the mid 2000s onwards,131 typically had 
larger screens and incorporated a range of additional functionality including email 
access, calendars, limited support for third party applications and improved 
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Internet accessibility, albeit still via limited protocols like WAP. The mid-2000s also 
saw the introduction of the multimedia messaging service (MMS) protocol, which 
enabled the transmission of richer messages than were possible using SMS – 
messages containing, for example, images, videos and longer blocks of text.129 
In 2007 Apple Inc. released the first iPhone. While this device featured much of the 
same functionality as existing smartphones, such as email and Internet access, it 
introduced a new method for accessing these features: a large touch-sensitive 
screen, capable of detecting and acting on multiple simultaneous touches and 
gestures, a technology known as multi-touch. This technology had been in 
development since the early 1980s but had yet to be used as part of a portable, 
mass-market device.132 The iPhone also adopted modern Internet access 
protocols, making this one of the first mass-market mobile devices capable of 
accessing the majority of Internet content with no special requirements on the 
part of web developers. 
The original iPhone, and its subsequent iterations, were highly commercially 
successful and heralded a sea change in the design of smartphones; within eight 
years virtually all smartphones sold around the world used the same full-screen, 
multi-touch paradigm.133 This also led to a significant increase in adoption. In 
2006, prior to the launch of the iPhone, an estimated 3.8% of US residents owned 
a smartphone.134 By 2014 this had grown to 71%,135 with a similar figure reported 
in Australia, where households had on average five connected devices.136 
The success of modern touch-screen smartphones led to renewed development in 
another segment of mobile computing, the tablet computer. Tablets – flat 
computing devices receiving stylus or touch input, and incorporating virtual 
keyboards – began appearing in the early 1990s and, despite some degree of 
iteration and improvement over the next two decades, never received wide 
adoption.137 These early products generally featured pared-down versions of 
desktop operating systems, which were optimised for receiving mouse pointer 
input, and were never entirely suitable for stylus or touch input. Multi-touch 
technology, and mobile operating systems and applications built specifically for 
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receiving this input, were transitioned very successfully to the tablet form factor, 
with Apple’s iPad, Microsoft’s Surface, and numerous tablet computers based on 
the Android operating system seeing broad uptake from 2010 onwards. 
Mobile device operating systems include applications for accessing the key 
functionality of those devices, for example phone diallers, calendars, email clients, 
and web browsers. These are known as “first-party” applications, meaning that 
they were developed by the creators and stewards of the platform itself. However 
a significant component of the success of modern mobile devices has been the 
rise of third-party application ecosystems (that is, applications built by external 
developers).138 A mobile application, or app, is a small piece of software, tailored to 
the specifications of one or more mobile devices, with a specific and limited 
feature set. They can exist as standalone services, or can add value to a broader 
Internet service by making it easy for a user to access information or services 
without having to search for them at each use, and without having to navigate 
through complex websites to find the information required. They can also provide 
a positive user experience through a high level of device optimisation – for 
example, by accommodating the smaller screens that are a feature of mobile 
devices, and tailoring functionality to suit the form factor and data access speeds 
generally found on these devices. Developers may also design their applications 
so that some or all functionality is available without an Internet connection, 
making them suitable for use on devices that may not always be connected. 
The large and growing user base for mobile devices and applications has resulted 
in significant interest in developing mobile applications that cover a wide range of 
interests and activities, including health and fitness. This category in particular has 
seen significant growth in recent years. Mobile analytics firm Flurry estimated that 
between December 2013 and June 2014, while use of mobile applications in 
general increased by 33%, use of health and fitness mobile applications increased 
at nearly twice that rate (62%).139 Consumer research company Nielsen reported 
that nearly one third of smartphone owners in the US (approximately 46 million 
people) accessed health and fitness applications in January 2014. This represented 
an 18% increase over the same month a year earlier.140 
 40 
While the development of third-party mobile applications has been seen as 
commercially lucrative for a diverse range of content areas, it has also been seen 
as promising for the development of public health interventions for many of the 
same reasons. Mobile devices are increasingly ubiquitous, increasingly powerful, 
and increasingly capable of using a wide range of sensors to deliver data that is 
useful to those seeking understand and modify health behaviour. 
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3.2 eHealth and mHealth: definitions 
Gunther Eysenbach, editor of the Journal of Medical Internet Research, proposed 
the following definition for eHealth (or e-health, to use his punctuation) in 2001: 
e-health is an emerging field in the intersection of medical informatics, 
public health and business, referring to health services and information 
delivered or enhanced through the Internet and related technologies. In a 
broader sense, the term characterizes not only a technical development, but 
also a state-of-mind, a way of thinking, an attitude, and a commitment for 
networked, global thinking, to improve health care locally, regionally, and 
worldwide by using information and communication technology.141 
More recently the term mHealth has emerged as a way of referring to health 
initiatives that make primary use of mobile technology. The World Health 
Organization proposed this definition in 2011: 
mHealth or mobile health [refers to] medical and public health practice 
supported by mobile devices, such as mobile phones, patient monitoring 
devices, personal digital assistants (PDAs), and other wireless devices.142 
While there are no universally accepted definitions for these two terms, in essence 
eHealth is generally used to refer to health initiatives and interventions that make 
primary use of information and communication technologies. mHealth is used as 
a subset of eHealth, for initiatives that make primary use of mobile technology.  
It is worth noting that neither term is used in this thesis with great regularity, 
except to differentiate between different approaches. As technology permeates 
healthcare, health data and public health more and more deeply, it is possible that 
these terms will become less useful as differentiators; the majority of health 
initiatives may eventually have at least some eHealth or mHealth component.142 
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3.3 Technologies 
3.3.1 Personal digital assistants and other early mobile devices 
Health researchers began seeing the potential for mobile computing devices to 
improve the collection of data, with pilot studies into the use of personal digital 
assistants (PDAs) and other early mobile computers appearing in the early- to mid-
2000s.143-145 For example nutritionists saw the potential to eventually replace 
traditional pen-and-paper data collection methods such as food frequency 
questionnaires146 or 24-hour recall interviews.147 Such methods had been 
problematic due to memory effects and the tendency of subjects to backfill data 
in the former method, and the relatively high cost and time burden in the latter. 
Data validation was a commonly cited concern.148 These early pilot studies of the 
use of PDAs presented a mixed picture of the efficacy of this approach, often 
finding that these electronic methods were no more reliable than pen-and-paper 
methods.145, 147, 149 However the many apparent benefits of this approach, and the 
fact that mobile technology was clearly still in its infancy, led many of these 
researchers to remain positive about the approach in the long term. 
3.3.2 Short message service (SMS) 
SMS has often been leveraged in marketing campaigns and other circumstances 
calling for a simple, inexpensive means of delivering short messages, with a very 
high level of compatibility with user handsets. This approach has not been limited 
to commercial endeavours; many health promoters and researchers have sought 
to leverage SMS as a means of communication and information transfer. A 2009 
systematic review identified 33 SMS-based health interventions between 1990 
and 2008, with 14 of those studies meeting stricter criteria for inclusion in the 
review (for example, on the basis of study design). These included interventions in 
smoking cessation, chronic disease self-management, outpatient care and 
medication compliance.150 
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An Australian study (n = 994) found that an SMS-based program increased 
knowledge of sexually transmitted infections among young people recruited at a 
music festival. The intervention also increased sexual health testing among young 
women, but did not increase condom use.151 A UK intervention (n = 2800) used a 
SMS-based smoking cessation tool called text2stop, and found significantly 
improved rates of cessation after six months, compared to a control group.152 SMS 
has been particularly popular in sub-Saharan Africa as a health intervention tool, 
due to its low cost and high uptake.153-155  
It may be the case that SMS use (and, by extension, the use of SMS for health 
interventions) has reached its peak. After increasing in usage every year since the 
first SMS was sent in 1992, global SMS use plateaued in 2012 before declining in 
2013.156 It should be noted that this represents a decline only in the number of 
messages being sent using the SMS protocol. Recent years have seen a 
proliferation of new ways to send instant messages, mostly proprietary systems 
such as iMessage,157 BlackBerry Messenger158 and WhatsApp.159 When these new 
systems are considered the picture becomes very different; global messaging has 
increased significantly over the last five years.156 It can be difficult to identify 
overall global trends, given different usage patterns in different regions, but data 
available in the UK from Offcom and Deloitte show a clear trend in growth of 
instant messaging at the expense of SMS, as illustrated in Figure 2. 
In addition to exploring the use of SMS-alternatives, those planning health 
interventions have also been able to leverage the emergence of new, richer 
means of mobile communication, offering many of the benefits of SMS whilst 





Figure 2. Volume of SMS and instant messages sent in the UK, 2004-2014.160 
3.3.3 The mobile web 
As noted in Section 3.1 advances in fast mobile data networks, combined with the 
development of more capable, user-friendly mobile web browsers, led to an 
unprecedented level of Internet access from mobile devices. Nielsen estimated 
that in August 2014 58% of all Australian web browsing occurred on mobile 
devices.161 It should be noted that this statistic only included Internet activity that 
occurred in a web browser. When taking into account that fact that much Internet 
activity occurs within native applications rather than browsers - perhaps as much 
as 86%, according to another Nielsen report162 – the picture is one of 
overwhelming movement towards mobile Internet access. 
In broad terms the mobile web refers to the access of websites and other web 
services (including web applications) via browsers on mobile devices. This is in 
contrast to the use of native mobile applications, installed on devices, described in 
Section 3.3.4. Web developers are increasingly optimising sites for mobile traffic. 
They can do this by serving alternate, mobile-optimised sites when the server 
 45 
detects a visitor is browsing on a mobile device. Or, increasingly commonly, they 
may design responsive websites – sites that adapt intelligently to the size of the 
device they are being viewed on by resizing, moving, hiding or revealing content 
accordingly. 
Analytics services, including Google Analytics163 and Go Squared164 can easily be 
added to websites to enable the collection of usage and basic demographic data 
which may be valuable in evaluating the reach and impact of an intervention. It 
should be noted, however, that information provided by standard analytics 
services only provides aggregate, depersonalised data. It can be used, for 
example, to measure the number of visitors to a site, their geographic location, 
the source of the traffic (i.e. whether from a direct link, from search, or from social 
media referral), and some technical details about visitors, including device types 
and operating systems. It cannot be used, for example, to track individual users’ 
engagement with a service. This level of analysis, which may be required for some 
kinds of evaluation, necessitates the development of a custom analytics 
framework and some form of user authentication. This level of individual analysis 
is typically facilitated by the use of a third technology: native mobile applications. 
3.3.4 Native mobile applications 
Major mobile operating systems, including iOS, Android, Windows and Blackberry, 
provide software development kits (SDKs) that enable the development of 
applications. These applications are distributed via dedicated application stores 
accessed either on a desktop computer (with downloaded applications then 
synchronised with devices) or directly on the devices themselves. Applications 
built and distributed by these means are known as native applications; this means 
that they are written in a development language that is specific to the platform, 
and they can take advantage of vast libraries of existing framework code. 
Since the launch of the iOS App Store in 2008, and the Android Market the 
following year (later renamed Google Play), the process of downloading mobile 
applications has become a familiar one to most mobile device owners. With the 
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fast growing popularity of mobile applications came an explosion of interest in 
developing for these platforms. At launch, in March 2009, the Android Market 
boasted around two thousand applications.165 Just four years later this figure had 
grown to over one million applications, with more than fifty billion downloads 
globally.165, 166  
The proliferation of software developers, along with the advance of tools 
facilitating application development, has greatly reduced the barriers preventing 
health professionals from developing custom software to carry out their research 
or interventions. They need no longer rely on commercially available software 
which may or may not be a good fit for their purposes, or with which they may not 
have full control over the data they are collecting. A custom application may 
guide a participant through the informed consent process, eliminating the need 
for an additional paper-based process. Researchers using earlier commercial PDA 
software generally needed to meet with participants beforehand to provide the 
equipment, deliver any training that might have been needed, and have the 
participant read study information and sign consent forms.167-169 Now, in many 
cases, researchers need only send study recruits a link to an application, with the 
remainder of the process taking place automatically and, if desired, anonymously. 
As noted above, while some analytics information may be obtainable from other 
kinds of electronic intervention (for example, through the use of an analytics-
enabled website), a custom-built native application may facilitate much more 
individualised tracking of a participant throughout a study. A custom analytics 
framework may provide a precise picture of each user’s engagement, and enable 
the examination of certain patterns of engagement, and health behaviour, or 
behaviour change. Furthermore, this information may facilitate the sending of 
precisely targeted messages and other intervention materials. For example an 
application may report on a user’s activity level, and send individualised feedback 
and suggestions throughout the course of an intervention. Many commercial 
applications do precisely this. The RunKeeper application170 encourages users to 
set exercise goals, then reminds them if they have not exercised in line with the 
expected schedule (see Figure 3). 
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Figure 3. Individualised goal reminders in the RunKeeper application.170 
The proliferation of mobile application developers and development 
methodologies has meant that it is no longer inconceivable that a health 
intervention may choose to develop its own custom application for the purpose of 
an intervention. Rather than relying on out-of-the-box software, researchers may 
opt to develop bespoke software entirely for their own use, and then deploy that 
software solely to their research participants. This may reduce or eliminate the 
possibility of certain confounding variables that may be associated with publicly 
available software, such as contaminated data from users outside of the study 
group, or control group participants finding and downloading the software 
themselves. Custom applications have been developed and deployed to 
participants’ personal mobile devices, for interventions in physical activity,171, 172 
smoking cessation,173 mental health174 and fatigue.175 
3.3.5 Cameras 
Health researchers have used digital photography in a number of ways. The range 
of possibilities has increased with advances in digital photography made possible 
on mobile devices. Even ten years ago, health researchers could not assume that 
participants would have access to a digital camera and, even if they did, that they 
would have access to this camera at all times throughout the day. Furthermore, 
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the process of extracting a photo from a digital camera, reducing it to a size 
suitable for electronic transmission, and actually completing that transmission, 
was a technical challenge for many people even in a run-of-the-mill home 
situation, not to mention with added requirements implicit in a study. 
Virtually all modern mobile devices are equipped with at least one camera. Many 
devices have both front and rear-facing cameras, at least one of which may be 
capable of taking very high-resolution photographs. As described in Section 3.4.4, 
the majority of people now have access to a mobile device (and, therefore, that 
device’s cameras) at all times. Transmission of images may be as simple as tapping 
a single button and entering an email address; indeed, in a custom application, 
images taken may be automatically transmitted to the researcher with no direct 
action on the part of the participant. In this case, it will be incumbent on the 
researcher to ensure that participants are aware of the data that is being 
transmitted, as part of the informed consent process. 
A common use of digital photography is to supplement or replace traditional 
means of journaling health behaviours. This is perhaps most prevalent in nutrition 
studies, in which a lot of information can be conveyed by a photograph of meals 
being consumed (for example, nutritional content and serving size).147, 176 The My 
Meal Mate nutrition intervention employed mobile device photographs to act as 
an aide memoire to assist participants in recording their food consumption at a 
later date.177 A diabetes management application called MAHI (Mobile Access to 
Health Information) enabled users to keep a record of their meals using digital 
photographs and found positive signs of increased self-management efficacy in a 
pilot study (n = 49).178 This use of photographs may provide some measure of data 
validation, compared with pen-and-paper or digital text entry methods. It may 
also serve to reduce the burden of entering large amounts of textual 
information.179 
Device cameras may also be used to facilitate the recording of complex 
information, for example about meals. Although the data may require more 
hands-on interpretation by a researcher, this may be an effective means of 
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capturing complex information whilst reducing the burden of data collection on 
the part of the research participant.147, 177 Use of device cameras has not been 
limited to nutritional studies. An intervention providing maternal, newborn and 
child health services in rural India used smartphone photographs of participants’ 
health care cards and houses, along with time and location metadata, to verify 
that visits had occurred.180 This overcame a reported problem with the use of 
village-based frontline health workers who had not always accurately represented 
their activities in previous interventions.  
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3.4 Benefits of mobile technology in delivering health interventions 
3.4.1 Expanded reach 
Accessibility of health information and representativeness of research samples are 
important concerns in the health sciences. This is particularly true in Australia, a 
large but sparsely populated country in which geographical remoteness and poor 
health outcomes are closely linked.181, 182 
Many health interventions are geographically limited for a range of reasons. The 
intervention strategy may call for face-to-face contact. For example, participants 
may need to attend a clinic or research centre, may need to participate in a group 
activity or discussion, or be visited by a clinician. Even where these practical 
considerations are absent, it may be financially prohibitive to include research 
participants in remote areas. In places like Australia, where some chronic diseases 
such as diabetes and heart disease are over-represented in remote populations, 
this may represent a serious flaw in the application of research findings.183 
Information communication technology has enabled some health interventions to 
achieve a broader geographic reach. However, until the last decade or so, very 
remote locations remained difficult to reach due to the need to build substantial 
infrastructure for delivering those communications services, and the relatively 
high cost of consumer hardware for accessing them.184 The expanded reach of 
mobile technology has played a significant role in reducing this deficit.  Modern 
smartphones, which may cost many hundreds of dollars, might be considered to 
be very expensive telephones, especially when compared to the very inexpensive 
feature phones available through the early 2000s. These devices often cost less 
than AU$100, and were commonly given away for free as part of mobile service 
contracts. However, when seen as mobile computing devices capable of replacing 
much of the functionality of more expensive desktop and laptop computers, the 
value proposition may be seen very differently. Data appear to confirm this trend, 
with the rise in consumer uptake of mobile devices occurring concurrently with a 
similar fall in demand for traditional desktop or laptop computers.185 
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The development of modern cellular networks capable of delivering data at fast 
speeds, along with the comparative affordability of mobile computing devices, 
has increased the level of access to Internet and other communication services in 
some remote areas, although infrastructure challenges remain in very remote 
areas of Australia.184 This trend towards increased access has not been limited to 
geographically remote populations, but has also been observed in other groups of 
people who have traditionally had poor access to digital communication services 
for a range of reasons. A study of 95 Australian homelessness service clients found 
that 77% owned a smartphone, with the remainder owning more basic mobile 
phones.186 The authors noted that this figure, whilst from a small sample, was 
higher than smartphone penetration in the general public. Similarly a 2011 study 
described Canadian homeless people as “surprisingly well connected”, in their use 
of mobile technology to access support services.187 In 2012 the Australian 
Communications and Media Authority188 reported that, while homeless people, 
older people, Aboriginal and Torres Strait Islander people, and people from 
culturally and linguistically diverse backgrounds used the Internet less than the 
general Australian population, there was evidence that smartphones and other 
mobile devices were helping to bridge the gap, with signs of increased access 
among those groups.  
Aside from the social benefits inherent in wider access to communications 
technology, this also creates an opportunity to expand the reach of some kinds of 
health interventions. However it is important to realise that it is not simply a 
matter of taking traditional health interventions and expanding their reach 
through the use of mobile technology. These interventions introduce new 
complexities and potentially confounding variables. Larger samples may come at 
the cost of depth of data, and qualitative data may be more difficult to obtain. As 
ubiquitous as mobile devices may become, samples may still not be truly 
representative of the general population. Traditional theoretical frameworks and 
methodologies may or may not be suitable for use in these kinds of interventions; 
they may need to be adapted in significant ways, or replaced by new approaches 
more suited to these kinds of intervention.189 
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3.4.2 Anonymity 
One of the key differences between eHealth and mHealth interventions and 
traditional approaches is the possibility of a much greater degree of anonymity. 
This may be of significant advantage in research or interventions targeting certain 
population groups or certain kinds of sensitive behaviour. A meta-analysis of three 
studies found significantly higher levels of self-disclosure in computer-mediated 
discussions, compared to face-to-face discussions.190 
The developers of NewBridger, an Internet-based social support network for 
Chinese immigrants to Canada, cited anonymity as an important feature, as 
reported by their 2200 users.191 Similarly the developers of Aurora, a social mobile-
phone-based mental health tool, conducted a small study (n = 65) and found 
evidence that users felt more comfortable discussing mental health issues with 
other anonymous users of the service, than they would have with people to 
whom they were known.192 Also in mental health, researchers investigating the 
attitudes and behaviour of young men (n = 486) found a strong preference for 
anonymous online support services.193 Several studies have found that 
interventions targeting safe sexual health behaviour are more successful when 
anonymity and confidentiality can be assured, and that online forums can be an 
effective and trusted way to provide these assurances.194-196 
As with any health research, those deploying mHealth interventions must be clear 
with participants about exactly what level of anonymity and confidentiality is 
being assured. Are participants anonymous both among other participants and to 
the researchers themselves? Or are their data personally identifiable by the 
research team? Many mobile applications authenticate users by way of a unique 
username, selected by the user; some participants will select a username that is a 
variation of their real name (e.g. johnsmith1972), while others will select 
something less identifiable. Researchers wishing to assure anonymity may opt to 
require randomised character strings as usernames. 
 53 
The additional level of anonymity that is possible due to the reduced need for 
researchers to meet participants face-to-face may also introduce problems. Can 
researchers be sure that their participants are who they say they are? That they 
live in the places they say they do and are telling the truth about their age? Of 
course, it is perfectly possible for participants to mislead researchers even in a 
face-to-face context. However, it may be more difficult to falsify certain kinds of 
information and people may be less inclined to do so when they are engaged 
directly with a researcher, rather than perhaps seeing them as a faceless 
representative of a large university or hospital, with whom they have only 
communicated via email. 
John Wilbanks is a noted data law expert and medical research advocate, and the 
founder of Consent to Research, a platform for people to donate health data for 
open source scientific research. In an informal interview about the potential for 
falsified data in a large-scale online study, he said: 
We are less worried about fraud and…impersonation because there's a fair 
amount of work involved in being in this study, and doing it just for 
fraudulent purposes is kind of a strange behavior. People might do it [out of 
interest] for a week or two, but I can't see someone doing voice testing and 
gait testing for 52 weeks when there's no sort of public pay off.197 
In a personal communication with this author, Wilbanks expanded on his opinion. 
He said that fake research enrolment on an individual level is a confounding 
variable that can easily be controlled for in a study design, and that a more 
significant concern was the potential for astroturfing, in which an entity with a 
vested interest in the outcome of a study, could potentially influence those 
outcomes by way of organised, wholesale fraud. (Wilbanks J. pers. comm., May 7 
2015). As large-scale, anonymous medical research becomes more prevalent, it 
will be important to establish new checks and balances to protect data integrity. 
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3.4.3 Notifications and “pushing” information 
Mobile devices facilitate the “pushing” of information to users. Rather than hoping 
users will remember to check a website or other static information source, users 
can be notified of updated information, or prompted to take various actions or 
complete tasks. These notifications may be applied more widely than simply 
drawing users’ attention to digital information or the completion of digital tasks; 
research participants may be prompted to complete a real-world task, such as 
taking medication, measuring weight, or making a telephone call. The fact that 
many people have a mobile device within reach at most times of the day198 can 
vastly improve the effectiveness of such reminders, compared with other methods 
of prompting. Core information and messaging may be combined with personal 
information stored on a device or in a back-end server to create messages that are 
personalised to individual users.179 
Mobile applications may, when permitted by the user, deliver various kinds of 
notifications to the user. These notifications may be scheduled by the application 
itself in response to specific events or data input from the user. For example, a task 
management application may notify the user when a certain task is due for 
completion. These are sometimes known as local notifications; they are managed 
automatically by a local instance of an application, without the need for action on 
a remote server. Other notifications may be scheduled on a remote server and 
delivered to devices either on a fixed or ad hoc schedule; these are usually 
referred to as push notifications. 
The use of SMS and other messaging services may also be thought of as an 
information pushing approach. Tools exist to schedule and automate the process, 
although not to the extent of automation and customisation made possible by 
mobile applications, in which notifications may integrate tightly with the host 
application and may intelligently react to changing data. The use of SMS 
reminders has been particularly prevalent in the fields of medication adherence155, 
199-202 and clinical care management.203-205 
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The ability to push information to users intelligently, in response to specific cues 
and circumstances, has been of great advantage to health application developers. 
Many health interventions using static digital media have found it difficult to 
sustain engagement with their content, or have commented on the difficulty of 
cutting through the vast array of online information and messages competing for 
users’ attention.206-208 In these cases, engagement with the service required a 
conscious decision on the part of the participant, to look for information or 
otherwise use the application. Developers may find value in pushing information 
and timely notifications to users, to ensure that their content remains at front of 
mind. For example researchers evaluated the impact of a smartphone application 
for smoking cessation called SmartQuit, which utilised twice-daily push 
notifications to prompt users to complete activities and record information (see 
Figure 4). Use of the application during the study (n = 76) was found to be 
associated with smoking abstinence.173 Another study (n = 50) evaluated an 
interactive web-based breastfeeding monitoring system, which featured 
notifications to mothers in the case of various lactation problems. The authors 
found that mothers appreciated the notifications and the tool was a promising 
mechanism for maintaining communication between breastfeeding mothers and 
lactation consultants.209 
     
Figure 4. Personalised setup and notification for SmartQuit, a smoking cessation 
application.173 
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Balance and restraint are critical. Mobile device operating systems are designed to 
offer users a high level of control over the way applications communicate with 
them; users who receive a large a number of notifications from an application, or 
messages they feel are inappropriate or overbearing, can and will disable 
notifications for that application. There may, however, be more leeway than might 
be expected. Consumer research firm IDC conducted a survey of 7446 US 
smartphone owners aged between 18 and 44 years, in 2013. The authors 
predicted: “Given most of these people use 7.4 [social or communications] 
applications on their phones, we may expect that many respondents would feel 
overwhelmed with the flurry of activity, alerts and notifications.”198 However, a 
relative sentiment index indicated that the most common sentiment users 
associated with this constant communication was one of connectedness. 
Negative feelings such as being overwhelmed, stressed or burdened by 
notifications or information were among the lowest reported sentiments on the 
scale. It should be noted that the sample comprised relatively young smartphone 
users; not all demographic groups may share the same positive sentiments 
towards this aspect of mobile technology. 
3.4.4 Ubiquity of mobile devices 
Another advantage of mobile devices, and in particular smartphones, is that they 
are typically close to users at most times through the day. This is very much in 
contrast with traditional computers, which tend only to be used in specific places, 
and at specific times. In the aforementioned IDC survey198 79% of respondents 
said that they had their smartphone within arm’s reach for all but two hours of the 
day. One in four respondents could not recall a time that day when their 
smartphone was not either within reach, or in the same room. Four out of five 
respondents first checked their smartphone within 15 minutes of waking up. 
The physical and mental health implications of this deep penetration of 
smartphones into everyday life is a matter of exigent discussion,210-212 particularly 
so because of the rapid nature of its growth. Nevertheless, many professionals and 
researchers seeking to measure or influence health behaviour have seen the 
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opportunities afforded by the consistent presence of a mobile computing device. 
Even as early as 2004, researchers at the Massachusetts Institute of Technology 
recognised the potential of delivering “just in time” interventions that took 
advantage of emerging contextual awareness of mobile devices.213 They flagged 
the emergence of applications capable of detecting declines in health, those that 
could detect more substantial health crises (for example, in conjunction with 
external biometric sensors, continuous monitoring for those with heart 
conditions) and systems for motivating healthy behaviour. 
The near-constant presence of a mobile device, combined with those devices’ 
awareness of their physical location and other contextual information, makes it 
feasible for researchers to prompt participants to complete activities at certain 
times of the day, or in certain places. For example, researchers in the Netherlands 
trialled an application called MORE Energy, designed to reduce fatigue among 
airline pilots.175 The application contained information about daylight exposure, 
sleep, physical activity and nutrition, and used geofencing (that is, continuous 
location awareness) to send tailored notifications when the application detected 
that the pilot had arrived somewhere outside of the Netherlands, and therefore 
was presumably working. The study (n = 502) found that pilots who used the 
application showed significant improvement in fatigue and sleep quality. Similarly 
the developers of an application called Mobiletype, which facilitated self-
monitoring for people in the early stages of adolescent depression, prompted 
participants to complete tasks at random intervals throughout the day, with this 
randomness a key part of their study design.214  
3.4.5 Personal device ownership 
For all the advantages mobile technology may have brought to the table, it 
brought at least one clear disadvantage for those pioneering its early use in health 
interventions: the necessity for researchers to procure and distribute expensive 
equipment to research participants. Researchers in the early 2000s were in no 
position to assume ownership of devices like this, except perhaps in targeting very 
specific subgroups of the population such as business or health professionals. In 
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2007, the peak of PDA sales, technology research company Gartner estimated 
shipment of 17.4 million PDAs globally.215 To put this number in perspective, the 
same company estimated global smartphone shipments of 968 million in 2013.216 
Researchers in these early studies needed to obtain sufficient devices for the 
participants they were recruiting. To keep costs manageable, this meant either 
that samples were small,217, 218 or studies were conducted over extended periods of 
time, enabling a smaller number of devices to be used by successive 
participants.219 In some cases participants were required to pay a security 
deposit.220, 221 The difficulties did not end there; participants generally needed to 
be trained to use these novel devices, which often required data input using 
unfamiliar methods, such as a stylus, and/or the use of a shorthand-like pseudo-
alphabet.167, 169, 177, 219 Furthermore, appropriate software had to be identified, 
licensed and installed on the devices. In an age of diverse, readily-obtainable 
mobile applications it is perhaps hard to remember a time when software for 
mobile devices like PDAs was highly limited and costly, and in which any form of 
customisation would have been prohibitively expensive and time consuming for 
most research projects. Simply put, researchers had to make do with what was 
available. For example, early nutrition trials typically used off-the-shelf programs 
like Handheld Diet Diary149 and DietMatePro.220, 222 
The rapid growth of smartphone and tablet computer sales has overcome many 
of these intervention barriers. It is now common for health interventions involving 
the use of a mobile application to require that research participants own, and 
agree to use, their own device for the purpose of the study. This has become a 
reasonable expectation, not just because of the growing ubiquity of mobile 
devices, but also because of considerable changes in the nature of mobile 
software. Installing a mobile application is now a very familiar task for most 
mobile device owners. A 2013 survey of 1000 Australian smartphone users found 
that they had an average of 33 applications installed, and had actively used 12 of 
those applications in the previous 30 days.223 The fact that applications on some 
platforms (for example, iOS) are sandboxed (that is, substantially cut off from other 
applications on a device, and from user data, except where authorised) has also 
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reduced safety and privacy concerns, and lessened the onus associated with 
asking individuals to install software on a personal device for the purpose of a 
study.224 
The difference between asking individuals to participate in research using their 
own smartphone, and providing an unfamiliar device specifically for the purpose 
of research, cannot be overstated. In the former case, people are using a device 
with which they are already intimately familiar, and for which they need not make 
any special effort to remember to carry it with them or to keep it charged. Studies 
in which participants have been provided with devices have sometimes reported 
problems. At least two physical exercise studies reported that many of their 
participants were relative novices with the PDA devices given to them for the 
purpose of the intervention, and that this may have been detrimental to 
outcomes.168, 219 One study provided adolescent girls with mobile devices 
equipped with a custom application designed to influence physical activity and 
nutrition. The researchers, “In an attempt to discourage use of the program 
beyond the required goal-setting and self-monitoring components, [configured 
the intervention devices] without gaming, social media, or text messaging formats 
that could promote rather than diminish screen time.”225 By the twelfth week of 
the study, participants were using the intervention device on average only every 
second day. Whilst acting with good intentions, the researchers may have 
rendered their intervention devices less attractive to these adolescents than their 
own personal devices. 
Delivering an intervention via a participants’ personal mobile device may also 
greatly reduce the need for face-to-face contact between researcher and 
participant.226 A study of 253 fathers from antenatal classes in Australia concluded 
that the relative lack of contact between fathers and health professionals was a 
strong limiting factor in their ability to effectively support their partners through 
pregnancy and the post-natal period.227 The authors strongly recommended the 
supplementation of face-to-face support with electronic information, tailored to 
fathers, and available via email or the Internet. However this reduced face-to-face 
contact may have drawbacks, as discussed in Section 3.4.2. 
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3.4.6 Near-constant connectivity 
Not only do mobile devices tend to be always near, they are also typically always 
connected to the Internet, meaning that there are very few barriers to the 
collection of data. Early health studies involving computing devices required 
participants to synchronise data to a remote server or a connected computer, 
either periodically throughout a study, or at the conclusion of the research 
period.228, 229 As one example, a 2007 study of a mobile phone-based diabetes 
management application called Diab-memory required participants to measure 
their blood glucose level with a meter, then to manually enter this data into the 
application, along with other data including insulin dosage, carbohydrate intake 
and exercise times.230 Users were then required to manually synchronise this 
information to a server. In some cases where participants reported unsuccessful 
data transmission, the researchers had to ask participants to identify areas of their 
home or workplace with good cellular signal and to only attempt synchronisation 
in those areas. This meant one more task for which participants needed to be 
trained, and one more instance in which data loss could potentially occur. 
Similarly, the 10,000 Steps project, a physical activity initiative at the University of 
Central Queensland, involved a mobile application called iStepLog,231 screenshots 
from which are shown in Figure 5. This application required participants to record 
their daily steps using a pedometer, then to manually enter their step count each 
day, and manually synchronise this data to the project database. A case-control 
trial (n = 200) found that use of the smartphone application increased step 
logging rates compared with users of the desktop website.171 However, this 
approach to manually logging activity has almost certainly been superseded for 
most users by the inbuilt step counting functionality included in many 
smartphones released since about 2013, or by dedicated fitness trackers by 
companies like Fitbit and Jawbone, which automatically synchronise data with a 
web server. 
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Figure 5. Step tracking, statistics and personal goals in the iStepLog application.231 
The always-connected nature of mobile devices means that it is possible to save 
and synchronise data immediately upon entry, to keep a full and accurate record 
of data as it is collected and, where permitted, make that data available to health 
researchers. This is in contrast to traditional means of data collection, such as food 
and exercise journals, which require direct maintenance by participants over a 
period of time, then manual submission at the end of a study, or at periodic 
intervals. Manual self-reported data may be subject to lost, incomplete or 
misremembered information,232 and automation may assist with reducing 
memory effects. It may, however, introduce new issues or concerns, particularly 
with respect to privacy, data collection, and ongoing informed consent.197 
Modern mobile applications may synchronise data on an ongoing basis, even to 
the extent of event-by-event synchronicity (i.e. every user action is recorded and 
synchronised immediately after it occurs).233 This means that it is possible to 
gather data continuously throughout a study or intervention. It is also possible, if 
permitted by the study design, to make adjustments on the fly, or to contact a 
user if there appears to be a problem. For example, if a user’s data is not 
appearing, there may be a problem with their application or device, they may not 
have granted necessary data sharing permissions, or they may have simply 
stopped participating, and this information may be very important to study 
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coordinators. In some circumstances it may even be possible to identify a 
potentially serious issue with the application being studied and to fix this via a 
software update. 
For example, in 2014 Australian researchers trialled a mobile application designed 
to promote physical activity and reduce screen-time in adolescent boys deemed 
to be at risk of obesity.172 While it may seem counter-intuitive to use mobile 
devices to encourage reduced screen-time, the application, called ATLAS (Active 
Teen Leaders Avoiding Screen-time), comprised physical activity monitoring, 
fitness challenges, goal setting and personalised motivational messaging. After 
beginning the intervention the researchers discovered that this latter feature, 
implemented via push notifications to devices, was not functioning correctly. The 
researchers updated the application to fix this issue, meaning this functionality 
was available for the last 15 weeks of a 20-week intervention. It is important to 
recognise that taking an action like this may have important implications for data 
validity before and after the fix, depending on its magnitude and the stage of the 
study at which it takes place. However, issuing an update may be significantly 
better than waiting until the conclusion of a study and finding that no data has 
been collected, or the data collected is fundamentally flawed due to a software 
problem. 
3.4.7 Non-textual data entry 
Data entry has been problematic for applications seeking to facilitate self-
monitoring of health and fitness activities. Manually entering the food one eats, or 
the exercise one engages in, is a significant burden, and one that only the most 
motivated of individuals will likely sustain for more than a short period. This has 
been a problem shared by both health interventionists and commercial 
application developers seeking to retain a large and highly engaged user base. 
The replacement of traditional pen-and-paper methods with simple text-entry 
applications for PDAs and early smartphones represented one step towards 
reducing this burden.168, 169, 218 However manually typing information into a device 
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is not significantly easier or less time-consuming than writing it down; indeed, 
some users may consider it more difficult. 
Some modern mobile applications greatly reduce the burden of data entry via the 
use of non-textual data entry methods. Users may scan data using a device 
camera, speak into a device microphone, or use simple gestures such as swiping 
or pinching on a screen. These input methods may be augmented by access to 
online databases of information, offering predictive information or auto-
completion functionality, and may facilitate the recording of significant amounts 
of information, requiring only a minor level of user interaction (for example to 
verify information or make selections to resolve data ambiguity). Indeed, mobile 
devices may facilitate the recording of health data with no direct input at all from 
the user, beyond initially consenting to that access. Modern devices, including 
wearable peripherals, contain sensors capable of automatically recording data 
such as steps taken, time spent sitting and standing, heart rate and sleep quality. 
For example, an exercise monitoring application may use a device’s GPS tracker to 
record the locations travelled through by a walker or jogger, its barometer to 
measure atmospheric pressure, and its system clock to record the time taken. This 
data, when combined with other inferred information, can provide a vast array of 
potentially useful information including distance, speed, elevation and calories 
burned. Pairing the application with a low-cost, commercially available peripheral 
can add additional biometric information, such as heart rate. Previously the 
recording of this information would require a number of pieces of equipment, the 
manual consultation of maps, and a number of different calculations. The 
recorded information would most likely have been less reliable; studies have 
shown that GPS is an accurate means of measuring distance travelled, although 
care must be taken in interpreting results in some sub-optimal circumstances.234-236 
Interventions requiring the monitoring of dietary intake have similarly benefited 
from these advances. Traditional data entry methods, such as food diaries, 24-
hour recalls and food frequency questionnaires rely on memory and can involve a 
lot of calculations on the part of the participant.146, 237 These methods commonly 
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introduce inaccuracy over time.238 Accurately recording the nutritional 
composition of meals is, quite simply, a difficult task. As one food scientist 
colourfully put it: 
People are not one-armed bandits. If we drop in a coin and pull the handle, 
we may get truly random results or biased results. Few of us think of what 
we eat in terms of a shopping cart full of food. We cannot just look down 
and see how much milk, yoghurt, eggs or oil we consume. Our eating 
sessions are much too important to us, experiences associated with 
emotions of pleasure or pain, rather than with an inventory of items 
consumed.148  
Device cameras may also be used to scan barcodes or QR codes. For example a 
diet tracking application might enable a user to scan a barcode on product 
packaging to obtain a large amount of nutritional information about that product. 
There are also a number of inexpensive Bluetooth-enabled scales for recording 
the weight of food consumed and synchronising this information to a paired 
device. Thus, by placing food on a scale and using a device camera to scan a 
number of barcodes, a user could in seconds record a significant amount of 
information about the food they are eating, without the need to manually enter 
any information at all. In 2006, working with PDA devices, researchers developed a 
diet monitoring system for people with chronic kidney disease, which enabled 
users to enter their dietary information either by scanning barcodes or by 
speaking into a device.239  
This, and other nutritional studies using emerging technology at the time (e.g. an 
evaluation of HyperFit, a nutrition and exercise tracking Internet service240) had 
some difficulty finding or creating sufficiently comprehensive databases of food 
barcodes. Siek et al.239 used an open source database of some 620 000 food 
products, and found that this only accounted for around 60% of participants’ 
scanned barcodes. More recently, New Zealand researchers trialled a dietary 
modification tool called SaltSwitch, which incorporated a database of only around 
13 000 food products.241 Users of the application were encouraged to add food 
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products they found were missing from the database, by submitting photographs 
of the products’ nutritional panels, for manual review and entry by the research 
team. Difficulties of this nature may be resolved by the emergence and success of 
comprehensive commercial nutrition-tracking applications, such as MyFitnessPal, 
which boasted a database of more than five million products, as of June 2015.242 
Researchers could potentially use this application directly as a data collection tool 
or, if they required a more tailored solution, could develop a custom application 
that incorporated the MyFitnessPal public application programming interface 
(API). An API is a set of protocols for accessing a data set or developing an 
application, explained further in Section 3.4.10. 
3.4.8 Tracking health behaviour 
In 2007 Gary Wolf and Kevin Kelly,243 editors of popular science and technology 
magazine Wired coined the term the quantified self to refer to the goal of applying 
data analysis techniques to a wide range of measurable information about the 
human body and mind. Since then many groups of enthusiasts have coalesced 
around the world to explore the potential for self-quantification both routine (for 
example, location tracking and mood journaling) and more extreme (for example, 
recording of chemical body load counts, personal genome sequencing, and the 
use of non-invasive sensors and probes).244 By one count, there are more than 110 
such groups in more than 30 different countries, and a well-attended international 
conference has been held in San Francisco each year since 2009.245  
Attending groups and conferences might be seen as the far end of a spectrum of 
engagement, but recent years have seen a growing public awareness of the 
principles of self-quantification, if not the term itself. There has been a surge of 
commercial and consumer interest in monitoring health and fitness activities, 
brought about by the development of inexpensive, user-friendly and relatively 
accurate devices to facilitate that monitoring. Technology industry analysis 
website Business Insider estimated growth in the US wearable fitness tracker 
market of around 500% per annum between 2011 and 2014.246 It was, however, 
acknowledged that this still only represented a comparatively small user base 
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when compared to more ubiquitous mobile devices such as smartphones, which 
increasingly include their own inbuilt activity tracking sensors. 
Even without using dedicated activity trackers or other wearable devices, many 
people have been exposed to the principles of self-quantification via smartphone 
applications that adopt this strategy. These include movement trackers (e.g. 
RunKeeper,170 Strava,247 Nike+ Move248), calorie counters (e.g. MyFitnessPal,242 Calorie 
King249), lifeblogging/journaling applications (e.g. Optimized,250 Happier251) and 
mood diaries (e.g. MoodPanda,252 iMood Journal253).  
A 2013 survey of 3014 US adults by the Pew Research Centre found that 69% of 
respondents tracked at least one health indicator such as weight, diet, exercise, 
sleep, or disease symptoms. However, only about one in five (21%) of those who 
tracked an indicator did so with the help of some form of technology.254 It is worth 
noting that it is by no means universally accepted that this growing interest in 
self-quantification is entirely positive. Some commentators have raised concerns 
about increased self-diagnosis and reliance on non-evidence-based information 
to interpret collected data,255 hypochondria or the phenomenon of the “worried 
well”,256 and the potential for breaches of privacy.257 
Whether or not some individuals have taken their interest too far, health 
professionals have long been aware of these benefits of a moderate level of self-
monitoring of health. Positive effects have been shown in studies of nutrition,147, 
219, 222, 225, 258-260 physical activity,171, 172, 261 diabetes management262-265 and mental 
health.203, 214, 266, 267 Klasnja and Pratt179 claimed that the effects of self-monitoring 
health behaviour may include increasing the frequency of desired behaviours or 
decreasing the frequency of undesirable behaviours, better understanding of 
individual’s own health and behaviour patterns, and opportunistic engagement in 
healthy behaviours. They further noted that, beyond these direct benefits, there 
might be additional advantages simply due to individuals being engaged in the 
monitoring process. Understanding one’s own health and patterns of behaviour 
has long been recognised a positive health trait, and a key component of health 
literacy.268 
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The fact that self-monitoring may improve people’s health quite separately to the 
direct effects of a health intervention is positive from a health perspective. It may 
be less positive purely from a research perspective, because it may be difficult to 
separate the self-observation effect from the effect of the intervention itself. It is 
important to recognise the complex nature of these types of interventions and 
factor in this effect when designing studies with a self-monitoring component 
(see Chapter 4). 
3.4.9 Gamification 
The term gamification refers to the process of taking elements of games (both 
electronic and real-world) and applying them to non-game environments.269 
Mobile applications using some form of gamification have proliferated, and in no 
field more so than in health. For example, a gamified fitness application might 
reward users who engage in physical activity with points or badges for assorted 
achievements. Users may be encouraged to compare their achievements with 
other users in their social group or to compete with other users, for example by 
issuing challenges or competing for position on a leader board. Many commercial 
health applications have adopted this approach, including activity-tracking 
applications (e.g. Health Mate,270 The Walk,271 Fitocracy,272 Zombies, Run!273), 
nutrition diaries (e.g. MyFitnessPal,242 WatchFit274), goal setting and habit breaking 
applications (e.g. HabitRPG,275 Superbetter276) and mental health trackers (e.g. 
Mindbloom,277 Personal Zen278). A 2014 review of health and fitness applications on 
the iOS App Store identified 261 applications that met the selection criteria, with 
about half of these (52.5%, n = 137) including at least one gamification element.279 
Examples of application gamification elements are shown in Figure 6. 
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Figure 6. Gamification elements in the fitness applications Fitocracy272 (left), 
Health Mate270 (centre) and Zombies, Run!273 (right). 
The use of gamification in commercial weight loss applications has been 
somewhat controversial. Some have gone as far as enabling users to wager real 
money on their ability to lose weight, with winnings distributed among those who 
succeed in achieving their weight loss goals.280, 281 Perhaps not surprisingly, 
questions have been raised about the potential problems associated with this 
approach.282 Emerging literature does appear to suggest that financial incentives 
can be effective in achieving weight loss, although not necessarily in maintaining 
that loss over time.283, 284 Quite aside from financial or other incentives, simply 
being part of a group competition may be an effective motivation for physical 
activity and weight loss. A state-wide Internet-based competition was 
implemented by the US state of Rhode Island in 2007, and evaluated in a large 
study (n = 4717).285 The authors reported modest, but statistically significant 
reduction in body mass index among participants. 
Gamified applications have also been used for interventions in other health fields. 
Mental health researchers conducted a study (n = 78) of an attention-bias 
modification training application that incorporated gamification elements.286 
Some (but not all) of the application treatment conditions showed improved 
perceptions of threat, as measured by a gold standard protocol. Another gamified 
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application was designed to assist adolescents with diabetes management. 
Participants received points for regularly self-administering blood glucose tests 
and real-world rewards (digital goods vouchers) for maintaining the correct 
testing regimen over a period of time. They could also share their progress and 
achievements with other users of the application. A pilot study (n = 20) found that 
participants showed improved monitoring regularity while using the 
application.262 
When applied in a health intervention or education context, this approach is 
sometimes referred to as serious gaming.287 A subtle distinction between the two 
terms is that gamification usually refers to the addition of game-like elements to 
things that are not ostensibly games, while serious games are exactly that: 
genuine games that have a serious health or educational intent. The concept of 
serious gaming significantly pre-dates that of gamification, having been coined 
around 1970 (predominantly in reference to board and card games).288 There are 
at least three peer-reviewed journals dedicated to research relating to serious 
gaming and, more recently, gamification.289-291 
3.4.10 Large scale medical data collection 
Until relatively recently many health interventions used the Internet as an 
effective means of carrying out an intervention, but may have collected study data 
via more traditional means, such as participant questionnaires.175, 206, 225, 292, 293 In 
same cases, this approach is necessitated by the fact that some control or 
comparison arms of the study are not engaged online.151, 201, 260, 294 It has become 
increasingly feasible to collect a wide range of data directly from participants’ 
devices. For example researchers might collect analytics data about the extent to 
which participants used the application under investigation, and the ways in 
which it was used, or gather direct feedback from user interactions within the 
application.  
These kinds of research activities were somewhat difficult to undertake using the 
standard facilities in place for the distribution of native mobile applications. For 
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example, it has been difficult to restrict the availability of an application to only 
certain users (for example, to ensure that an application is available only to 
intervention participants and not to members of a control group, or to facilitate a 
closed intervention that will not be contaminated with data from random 
members of the public). Researchers have needed to rely on methods of 
application distribution that are either technically difficult and expensive (for 
example, ad hoc distribution to devices via an enterprise agreement) or 
cumbersome for participants (for example, distribution via beta testing services, 
requiring participants to look up information about their device and install testing 
profiles). 
In recent years there has been a profusion of services designed to facilitate health 
data collection and sharing. In some respects this has been the most significant 
growth area in mobile health; previously stand-alone applications are increasingly 
able to tap into large data repositories and share their data across entire families 
of applications. Three of the largest device operating system developers 
(Microsoft, Apple and Google) have their own proprietary health data repositories: 
HealthVault,295 HealthKit296 and GoogleFit297 respectively. Each of these systems 
facilitates the sharing of information between various first- and third-party health 
applications. Each also has a fine-grained permissions system that enables users to 
control the ways applications can read and write these data. Other smaller 
application vendors have created open APIs to enable authorised applications and 
devices to share data. For example, the popular cross-platform exercise tracking 
application RunKeeper has a proprietary API called HealthGraph, which enables 
other fitness applications to share this information (once permitted by the user).298 
This has significantly reduced the friction of using multiple health applications to 
record similar data. 
These proprietary APIs and data repositories been available for some time on an 
individual, local level to enable the monitoring of personal health information. 
However in March 2015, Apple announced a new framework called ResearchKit. 
Built in collaboration with a number of medical institutions and foundations 
including Stanford Medicine, Oxford University, Massachusetts Hospital and the 
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American Heart Foundation, the stated goal of ResearchKit was to make it easy for 
health and medical researchers to gather data on a scale never before possible, 
whilst upholding established best practice in ethics and informed consent. 299 
Critically, Apple announced that this framework would be open source, meaning 
that it can potentially be applied well beyond the Apple platform and device 
ecosystem. 
At the time of launch, Apple had worked with medical research institutions to 
produce mobile applications designed to support research programs in diabetes, 
Parkinson’s disease, diabetes, breast cancer and cardiovascular disease. In the first 
six hours of availability, researchers at the University of Rochester received more 
than 7000 individual volunteers for a Parkinson’s disease study that had previously 
never obtained a sample larger than 1700.197 Screenshots from mPower, the 
ResearchKit-powered application developed for this study are shown in Figure 7. 
 
         




3.5 Social networking and health promotion 
3.5.1 Virtual communities 
Community health promotion is a discipline undergoing change. Never has the 
idea of community been as broad as it is today. Communication technology now 
enables communities to span enormous geographical distances and to overcome 
barriers of age, culture and even language. Naturally, as concepts of community 
evolve, so must the methods used to target those communities in promoting 
healthy behaviour.301  
The term virtual community sounds decidedly modern, but it is by no means a new 
concept. Jason Marcus302 cites urban planner Melvin Webber observing four 
decades ago that developments in transportation and communication technology 
were beginning to have significant impacts on urban settlement, and that what he 
called “communities without propinquity” would necessitate new understanding 
of what it means to commune. In his seminal book on the subject, Howard 
Rheingold303 discussed the various ways in which pioneering Internet users were 
finding to communicate and form communities. While predating the World Wide 
Web, these early chat forums and electronic mail distribution lists were already 
forming communities that spanned previously unthinkable geographical barriers. 
Rheingold foresaw the potential psychological and social benefits of participation 
in these communities. 
While the following two decades saw enormous growth in the uptake of these 
technologies, this growth was not without setbacks. The ‘burst of the dot com 
bubble’ in the early 2000s led to dramatic changes in Internet services – changes 
that have become retrospectively known as Web 2.0, a phrase coined by 
technology publisher Tim O’Reilly.304 Prior to this juncture the Internet comprised 
largely stand alone web pages that were mainly read-only; that is, they were 
typically maintained by a webmaster with a largely one-directional information 
flow. The term Web 2.0 describes a range of technologies and Internet paradigms 
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that allow a multi-directional exchange of information and opinion from 
webmaster to user, from user to webmaster, and even from user to user. 
3.5.2 Social marketing 
Social marketing is an approach to health intervention that attempts to leverage 
many of the same principles used by commercial marketers to influence 
behaviour. This approach predates the advent of social media or social 
networking, in the modern sense, with early work in the field beginning in the late 
1960s and early 1970s.305 The development of electronic communication and, 
more recently, widespread use of social networking, have had a dramatic impact 
on commercial marketing, with many companies finding it increasingly difficult to 
influence consumer behaviour through traditional marketing avenues, such as 
one-directional advertising.306 In one sense social marketing in health is a 
derivative activity, in that it adopts and adapts approaches from a different field 
(commercial marketing). Therefore, it is natural that changes in the one should 
take some time to filter into the other, and this has been true with the uptake of 
social networking in health promotion. 
In their analysis of social marketing in public health, Grier and Bryant307 cited 
examples in such diverse fields as disease control, fruit and vegetable 
consumption, breastfeeding and the promotion of physical exercise, among many 
others. They warned that health professionals needed to have a deep 
understanding of the underlying principles, to avoid unwarranted assumptions, 
and to conduct effective evaluation of interventions to inform the development of 
the field. 
While this is true of the general field of social marketing, it is particularly true of 
the use of social networking, where developments are especially fast-paced. Some 
projects have found that social media enables users to engage directly in the 
production and distribution of content, information and ideas, and to quickly 
disseminate information among very large audiences.308 Others have found this 
democratisation of information problematic, claiming that it is increasingly 
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difficult for users to make value judgements about the information they are 
presented with – for example, to separate information that is evidence-based or 
from expert sources, from that which may be non-credible and potentially 
incorrect.309 As promising as these new promotional avenues may appear, it is 
essential to understand the experience of users and the flows of information, and 
to evaluate the effect of these initiatives.310 
3.5.3 Participation and engagement 
Interventions that draw on the benefits of community support, whilst also taking 
advantage of social networking or electronic media, may be able to minimise 
barriers to participation. People can join virtual communities freely and with no 
specific time or participation commitment. People can participate in multiple 
virtual communities with minimal disruption to their normal routines. Although in 
one sense, a person is automatically a member of the local community in which 
they live, active participation in that community requires both a conscious 
decision and the expenditure of time and effort. Furthermore, traditional 
communities of interest may require financial contributions and attendance at 
events or meetings. At least one study has found that testing virtual community 
participants for psychological sense of community yields results not dissimilar to 
participants of traditional communities. Of particular interest to the present study, 
it was found that health-oriented virtual communities showed the highest levels 
of ownership and sense of community.311 
Although members of traditional communities are usually able to choose their 
level of participation, there are many factors bearing on this decision. Once 
joining, a person may feel compelled to participate to a certain degree, and 
having established a pattern of participation, may feel pressure (real or imagined) 
to continue, particularly if they feel that others are relying on them. This concern 
may be a factor in their decision to join a traditional community in the first place. 
In a virtual community, people may have the option of participating anonymously, 
and even where this option is not available or not taken, a participant is unlikely to 
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feel any compulsion to contribute beyond a level with which they are 
comfortable.187  
As easily as people can join virtual communities, they can also leave them. 
Although this presents a challenge, there is evidence that people can and do 
establish regular and long-term patterns of participation in virtual communities 
that interest, engage or are of use to them.311 Another factor at play is the 
possibility of passive participation in most virtual communities. It is often possible 
to observe discussions and examine resources both anonymously and invisibly, 
before deciding to become an active participant. This raises the question of 
whether such a passive participant is in fact a participant at all, but nevertheless 
there may be an easy and non-threatening path from non-engagement to full 
participation in a community. In many cases, once a person has made a 
connection (for example, by “liking” a page, or adding the content of a site to their 
Rich Site Summary (RSS) newsfeed), they will continue to be exposed to the 
content of that site until they elect to deliberately disconnect. Thus, a connection 
may be maintained over time even with no conscious effort on the part of the 
user. 
Interactive communication applications have for some time been identified as 
being of high value in reaching large groups with a health message.312 In more 
recent times, social media has provided an ideal context in which to undertake 
such interventions – a fact attested to by the rapid increase in projects which 
operate in this medium.301 The virtual communities created by social networking 
services are a fertile ground for the dissemination of all manner of messages, 
including health messages, and the explosive growth of mobile technology has 
only added to the potential avenues for health researchers to explore.  
3.5.4 Social support and connectivity 
The role of social support in health outcomes is well documented.313-317 
Traditionally such support has been possible through the involvement of family 
and friends, health professionals, or participation in real-world groups or teams. 
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Interventions seeking to provide face-to-face support are often costly to 
administer both in financial terms, and in terms of burden to participants. 
One significant innovation enabled by socially connected applications has been 
the possibility of much wider social support networks. An individual trying to run 
regularly, lose weight or quit smoking may now participate in global communities 
of thousands of people trying to achieve the same goals. Where desired, 
individuals may participate in these communities with partial or complete 
anonymity, something that it not possible with traditional real-world groups such 
as weight-loss support programs or Alcoholics Anonymous groups.193, 318 These 
technologies facilitate the establishment of social networks over large 
geographical areas, vastly increasing the potential scope for interventions seeking 
to leverage social support and connection. 
The broad uptake of social media services such as Facebook and Twitter make 
these services attractive launching pads for many health interventions. 
Researchers have sought to leverage these networks, and the social connectivity 
they provide, for numerous interventions in nutrition and physical activity,207, 293, 319-
322 smoking cessation173, 323 and sexual health.194, 324, 325 Not all researchers have 
found these existing networks to be entirely suitable to their needs or acceptable 
to their participants. The creators of SitCoach, a mobile application designed to 
reduce sedentary behaviour, found that a suggestion to share activity on 
Facebook or other social media platforms was not well-received by participants in 
a small pilot study (n = 8).326 The researchers were told by participants that they 
did not want to bother their broader networks with details of their participation in 
the program, an observation echoed by evaluators of another similar Facebook-
powered health application called 3GT (Three Good Things).322 
Researchers may feel that participants may be more likely to engage with social 
connectivity features of a project if that connectivity is solely within a social 
network specifically set up for that project, rather than within their more general 
networks. Their interventions may also require a greater degree of customisation, 
more control over the way content is presented and protected, or the ability to 
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collect more fine-grained information about the way participants are engaging, 
than what is afforded by the established social networks. In this case they may 
prefer to create custom mobile applications or web services that establish their 
own networks for sharing and social support. For example the BecomeAnEx.org 
smoking cessation intervention established a large online community of current 
and former smokers to provide support for those trying to quit. This community 
was facilitated by the organisation’s own custom web and native applications, 
available across a wide range of platforms. A study of 1033 users found that 
overall number of visits to these applications significantly predicted both 7- and 
30-day abstinence.323 Similarly, a physical activity intervention (n = 53) created a 
custom website providing, among other features, a forum in which participants 
could ask exercise- and health-related questions.327 All participants were able to 
view and answer questions, with the forum being monitored and moderated by 
research team members who also provided answers. When compared with other 
static information sources, the program proved more effective in increasing 
physical activity level, however this behaviour change was not maintained at six-
month follow-up.      
The support of relative strangers may be very different to the support of close 
friends and family.322, 328 Some health-focussed applications are able to facilitate 
more traditional close-network support; for example, some fitness tracking 
applications enable people to issue challenges to friends who also use the 
application, and to compare their progress over time. While friends and family 
members motivating each other to stay on track to complete health goals is not 
new, these applications facilitate this communication and simplify the recording 
and comparison of information, enabling some degree of objective comparison.329 
While individuals may receive support from other people seeking to achieve the 
same health goals, they may also be supported by those who have previously 
succeeded in achieving those goals – for example, quitting smoking, managing 
diabetes, or successfully breastfeeding. This support is sometimes known as peer 
modelling, and some health applications (both in the research/intervention space, 
and commercial in nature) have sought to leverage this dynamic. For example the 
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aforementioned BecomeAnEx.org intervention drew on the support of people who 
had successfully quit smoking in supporting those who were trying to,323 and in a 
different study, German researchers found that web-based peer modelling 
intervention was successful in increasing physical activity.292 
3.5.5 Effectiveness of social media health interventions  
The efficacy of electronic social support in achieving lasting behaviour change is a 
question that is far from settled. Researchers at Australia’s Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) conducted an evaluation 
of the Online CSIRO Total Wellbeing Diet in 2012.330 This large study (n = 8112) 
incorporated a custom-built social networking platform as well as personalised 
information and advice on nutrition and meal planning. Studies of this nature are 
often unable to delineate the effect of various components of the intervention, 
and the researchers in this case wanted to isolate the effect of the social support 
component from other factors. In all, seven different websites were deployed, 
representing three main treatment categories: information-based, supportive, and 
personalised-supportive. Significant attrition was observed, with the study losing 
around 40% of its participants in the first week, and a further 20% of the 
remaining participants in each subsequent week throughout the 12-week study. 
Overall, relative to a control group, these supportive and personalised features did 
not have a significant effect on weight loss. However, their presence did increase 
the length of time users remained engaged with the system. 
Similar findings resulted from a 2015 evaluation of a smartphone application for 
smoking cessation called SmartQuit. This application provided social support to 
those seeking to quit smoking by enabling them to share their progress with 
other users, friends and family. In a study of 78 users of the application, the 
researchers found that, while the support features were popular, their use was not 
associated with successful smoking cessation. Referring to the findings of a larger 
study of 1033 users of a web-based smoking cessation intervention,323 which 
reported similar results, the authors concluded:   
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[Even] those app features that follow evidence-based principles for in-
person interventions (e.g. getting social support) may not be effective when 
translated into a mobile health intervention (e.g. getting social support by 
sharing via text, email, or social media).173 
The authors noted the existence of more than 400 smartphone applications for 
smoking cessation, with downloads of more than 780 000 per month. They 
claimed that most formal studies of these applications had evaluated them in 
terms of public health guidelines developed specifically for traditional face-to-face 
interventions. They further opined that these approaches might need to be re-
evaluated as researchers seek to better understand user engagement with 
smoking cessation applications. 
Equivocal outcomes in many of these studies may be as much about poor study 
design as innate limitations of the approach. A 2014 systematic review of social 
media interventions for dieting and exercise behaviours examined 22 randomised 
controlled trials that included social support components.321 While pooled results 
from the studies showed a significant decrease in dietary fat consumption, the 
studies did not typically show significant differences between groups on other key 
outcomes. The authors commented that the methodologies of the reviewed 
studies were often lacking, and observed that it may be very difficult to determine 
the role that social media played in behaviour change, where engagement with 
the intervention was low, as it sometimes was. 
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3.6 Precedence for the use of mobile technology and social media in 
encouraging fish consumption 
A small number of projects have attempted to use mobile technology and/or 
social media to promote the consumption of a particular fish or seafood product, 
or fish consumption in general. Some have achieved success, although formal 
evaluation of their impact has been limited. 
3.6.1 Fish is the Dish 
This UK initiative focused on showing mothers that fish is a healthy option for 
their families, which could be easier to prepare and less expensive than they 
might have thought.331 The project recruited ambassadors (‘fish fanatics’) to cook 
fish for their families and write blog posts about their experiences. In November 
2011 the project had 14 active bloggers, with an average of 3492 Twitter followers 
each (a total of 48 891 followers in all). In the same month, the Tots100 website 
(which provides a monthly ranking of UK blogs based on their impact on British 
parents) ranked Fish is the Dish 15th.332 To put this in context, this was higher than 
Nintendo Wii (21st), Barbie (37th), Gap (42nd) and Toys R Us (50th). This might be 
taken as an indication that in the social media space, the quality of the execution 
is at least as important, if not more so, than the intrinsic appeal of what is being 
presented. The Fish is the Dish homepage is shown in Figure 8. 
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Figure 8. Fish is the Dish homepage.331 
3.6.2 How Much Fish? 
How Much Fish was a US initiative that sought to counter the perception that fish 
is unsafe due to contaminants such as mercury.333 The source of this project, the 
Centre for Consumer Freedom (CCF), must be viewed with some degree of 
scepticism. It is an advocacy group that works to challenge many public health 
campaigns related to food safety, and has attracted criticism due to links with the 
tobacco, fast food and meat industries.334 Nevertheless, this initiative merits 
examination as an example of consumers’ willingness to embrace a social media 
campaign to increase fish consumption. 
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The cornerstone of the How Much Fish project was a “seafood calculator”, 
available via both a website and a mobile application. This allowed users to select 
from a variety of popular fish species and to see how much could be safely 
consumed based on their weight, and on what the CCF claimed as the latest 
evidence. For all common species, this was presented as well above a realistic 
level of consumption. For example, it was claimed that an 80 kilogram person 
could safely eat 5.8 kilograms of cod per week.  
In addition to this tool, the project maintained a Facebook page on which it 
highlighted seafood recipes and tips. This page was very active and well 
subscribed, until the end of 2011 (at which time it had more than 28 000 
subscribers). These subscribers responded enthusiastically to posted content. In 
the month ending 14 December 2011, the page’s administrators had placed 
twelve posts, receiving an average of 3.3 comments and 14.8 ‘likes’ per post. They 
had also conducted two polls, receiving an average of 131.5 responses. This level 
of activity had been relatively consistent over more than two years previously. This 
project was discontinued without explanation in early 2012. 
3.6.3 Queensland prawns 
Seeking to establish Queensland Week as a third occasion for prawn consumption 
(alongside the established traditions of Easter and Christmas), this Australian 
project was successful in building a large and active community of people who 
were enthusiastic about the product.335 In December 2011, the two Facebook 
pages associated with this project (one for Queensland prawns in general, and 
one specifically for banana prawns) had a total of 22 428 subscribers. Both pages 
were very active, with regular well-commented posts about recipes, tips and 
special deals. The generic site in particular saw a considerable amount of user-




There are clearly significant cost and convenience advantages in the use of mobile 
technology to deliver health interventions. Indeed, this technology enables new 
kinds of intervention that were previously difficult or impossible. However there 
may also be negative implications associated with reduced face-to-face contact in 
health contexts. Some meta-analyses of Internet-based interventions have 
questioned their efficacy compared with traditional face-to-face support 
mechanisms.336, 337 An early Cochrane review of telemedicine compared with face-
to-face patient care alternatives, carried out in 2000, found good evidence for the 
feasibility of using telecommunications technology for health care, but limited 
evidence for efficacy or cost-effectiveness.338 More recently another Cochrane 
systematic review of 67 breastfeeding studies concluded that face-to-face support 
showed a larger treatment effect on breastfeeding duration than telephone 
support.339 In contrast, a meta-analysis of 21 studies found no significant 
differences between face-to-face psychotherapy and guided self-help in terms of 
mental health outcomes.340 It may very well prove to be the case that certain kinds 
of health behaviour are more easily targeted in a face-to-face context than others. 
The appropriateness of these approaches may also depend to some extent on the 
level of evidence being sought. 
Ultimately, whether or not mHealth interventions are shown to be as effective in 
producing health behaviour change as traditional, face-to-face methods, they may 
still prove to be cost effective options. A review of economic evaluations of 
Internet interventions found that, while economic analysis was generally lacking, 
there were strong indications of cost-effectiveness for such interventions when all 
factors were considered. The authors suggested that “Even if Internet programs 
are found to be equally effective or even less effective than programs delivered 
via a traditional mode (e.g., face-to-face, phone), their relatively low delivery cost 




Evaluation, clearly, is critical. For mHealth interventions to warrant consideration 
in the expenditure of public health funds, they must be rigorously evaluated and 
have their effectiveness quantified. The present study, while focussed on the 
specific health issue of fish consumption, seeks to add to the evidence base for 
effective evaluation of mHealth interventions in general. 
Development 




4.0   Development of a complex intervention 
4.1 Complex interventions in health promotion 
The methodologies to develop and evaluate pharmacological treatments are well 
established. Such treatments are subject to rigorous evaluation, ideally by way of 
randomised controlled trials (RCTs). Such trials are universally accepted as the 
gold standard for evaluation. There has been a growing move to introduce this 
kind of rigour to the fields of health promotion and public health. To find ways of 
evaluating the myriad activities of researchers in those fields – community trials, 
information campaigns, innovations in treatment and many other kinds of 
intervention, both qualitative and quantitative. 
However it is seldom a simple matter to take the methodologies refined in simple 
pharmacological interventions, and apply them to other kinds of complex 
interventions. It should be noted that the word simple, in this context, is by no 
means pejorative. The development of a drug is a long and difficult process with a 
great deal of regulation and a very high burden of proof – simple here does not 
mean easy. Simple interventions are so called because the experimental variable 
can be isolated with relative ease, and the conventions for calculating statistical 
power can be easily applied. 
An intervention is complex when it comprises a number of components and 
where it may be difficult to isolate the effect of each of those components. It is 
complex when confounding variables are expected to render results analysis 
problematic, or where there is limited scope to draw on existing research to 
inform the development of the intervention, selection of the sample, or 
estimation of the effect size.342 
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4.2 Evaluation of studies using social media or mobile technology 
Chapter 3 outlined a number of interventions that have used socially connected 
electronic media to achieve promising results in health behaviour change. It was 
also shown that these media are increasingly acceptable to the public as avenues 
for information. In simple terms, when people are asked how they want to receive 
information, they often mention their smartphone. 
Acceptability and appropriateness of the medium of delivery is by no means a 
new concern for those designing health promotion and public health initiatives; it 
has long been acknowledged that interventions must be designed and evaluated 
with reference to these dynamics.343, 344 Mobile technology appears to be a field 
with much potential for those practitioners. However the use of these 
technologies is relatively new in these disciplines. We are yet to develop validated 
methodologies for designing and evaluating these interventions. 
Evaluation has been especially lacking. Take the field of sexual health promotion 
as an example. One systematic examination of social networking initiatives in this 
field found 178 projects, with only one of those projects reported in published 
scientific literature. The study concluded that “Future studies should examine the 
key factors for success among those [social networking] activities attracting a 
large and active user base, and how success might be measured, in order to guide 
the development of future health promotion activities in this emerging setting.”345 
The need for more rigorous evaluation of Internet-based health interventions was 
also highlighted by Ritterband and Kovatchev, who claimed that 
“Many…interventions have not been grounded in theory or developed from 
behaviour change models, and no overarching model to explain behaviour 
change in Internet interventions has yet been published.”226 
In the late nineties the US Department of Health and Human Services convened 
an independent panel to investigate the emerging use of the Internet and other 
forms of communication technologies in health. The Science Panel on Interactive 
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Communication and Health (SciPICH) comprised fourteen experts in the fields of 
medicine, computer science, education and health promotion, and consulted with 
Dr. David Satcher, the US Surgeon General. The panel carried out its investigation 
over two and a half years, and published a number of reports during this time.346-
349 It was tasked with making recommendations that might maximise the benefits, 
and minimise the risks, of the use of these new technologies in health. 
SciPCH carried out its work a decade and a half ago. Needless to say this is a 
significant amount of time in technology. When the panel coined the term 
“interactive health communication applications”, it was talking about desktop 
software, databases, computer kiosks, email, online chatrooms, and health-related 
websites that were starting to emerge on the nascent Internet. 
It might well be asked what can be learned from examining findings from so long 
ago, when technology has evolved so dramatically since that time. However, 
much of what the panel had to say is very relevant to developers of health-related 
technology today. In fact, readers of some of the panel’s statements could be 
forgiven for believing they had been written very recently. Take this, from Dr 
Satcher: 
The rapid development of new technologies, coupled with the explosive 
growth of the Internet, brings opportunities for people to find interactive 
information, education, and support that is tailored to their needs and 
preferences. Equally important, the new connectivity creates links among 
individuals, public agencies, businesses and employers, community 
resources, health professionals, health plans, academic institutions, and 
other private organizations—all of which, together, are necessary to ensure 
health and well-being. To date, there has been little evaluation or quality 
control of interactive health communication because applications have 
been developed faster than theory and assessment tools.312 
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The development of appropriate theory and evaluative tools was being outpaced 
by innovation even in 1999. It is worth considering whether much ground has 
been made up since then. 







These concerns ring true today, even though the landscape in which these 
innovations occur has changed dramatically since this was written. The panel 
identified a number of stakeholders in the development and uptake of these 
technologies, including consumers, health professionals, developers and 
healthcare purchasers. Of these groups, it could be said that this last group has 
seen the largest change in its role and prominence. In 1999 many innovations 
would need to be sold to healthcare purchasers, and these purchasing decisions 
would largely determine what was available to consumers. For example, a 
developer might conceive a new tool for diabetes management, then need to 
market that tool to health professionals for dissemination. The rise of the App 
Store and other consumer-facing application vendors, and the commoditisation 
of software led to more direct lines of communication between developers and 
consumers. Developers can now market their wares directly to consumers on an 
international scale. If the panel observed a tendency to focus more on marketing 
than evaluation as far back as 1999, it is not surprising that some developers 
might adopt a similar or greater focus in 2015, with much more direct paths to 
revenue available to them. 
Narrowing the focus to electronic interventions to increase fish consumption (like 
those described in Section 3.6), when evaluation has been carried out at all, it has 
 90 
typically been based on anecdotal evidence,331 non-experimental measures such 
as activity on blogs or social media sites, or sales data.335 Although these measures 
might be taken as reasonable proxies for consumption, proxies are not proof. 
Sales data might suggest that someone is eating fish; they do not tell us who is 
eating it, under what circumstances, and due to what influences. 
Ideally, evaluation should go to the heart of the behaviour being examined; if a 
researcher hopes to decrease the number of cigarettes smoked by a group of 
people, she should try to accurately count those cigarettes, either directly or by 
some clinical measure of consumption. If this is impossible, she might settle for 
asking those people about their intention to smoke, or recording attendance at a 
smoking cessation workshop, or perhaps tracking cigarette sales figures at nearby 
retailers. However, if she does this, her findings and recommendations will be, at 
best, educated guesses. 
This point is equally relevant for the present study. Downloading a fish-related 
application or liking a blog post might be taken as positive behavioural sign. But if 
the final behaviour we are interested in is the consumption of the fish, then we 
should endeavour to measure that consumption as directly as possible. 
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4.3 A framework for complex interventions 
The lack of empirically evaluated interventions in this area makes a full RCT 
unviable at this time. Ideal target populations are not established, the tools and 
resources required are as yet undeveloped and the likely effect size is difficult to 
predict. These issues are by no means unique to this intervention; while direct 
progression to a full trial is often acceptable for a simple intervention, it is seldom 
feasible for interventions where there are a number of factors at play. 
Campbell et al.342 identified a number of examples of complex interventions, 
including community or group interventions, interventions targeting the 
behaviour of health professionals, and health promotion interventions designed 
to reduce alcohol consumption or support dietary change. In all these examples, 
the authors identify a number of challenges faced by those wishing to evaluate 
their effectiveness. For example, it may be difficult to document the intervention 
accurately, making reproduction difficult. It may be necessary to collect both 
qualitative and quantitative data, with different means of analysis for each. It may 
also be difficult to isolate those aspects of the intervention which have the 
greatest impact – the “active ingredients”, to borrow a pharmacological term. 
The Medical Research Council (MRC) of the UK has recommended a framework for 
development and evaluation of complex interventions.350 The MRC defines a 
complex intervention as one containing several interacting components, and 
several dimensions of complexity. This complexity may take a number of forms, 
including the range of possible outcomes, the variability of the population, or the 
number of elements in the intervention package. While standard experimental 
methods are often employed in the evaluation of such interventions, their 
application can present special problems that are not issues in the evaluation of 
straightforward pharmaceutical interventions. These issues include “… the 
difficulty of standardising the design and delivery of the interventions, their 
sensitivity to features of the local context, the organisational and logistical 
difficulty of applying experimental methods to service or policy change, and the 
length and complexity of the causal chains linking intervention with outcome.”350 
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Examining the subject of interest to this study, a wide range of individual, social, 
environmental and experiential factors are at play in an individual’s decision to 
consume fish. One person may be a confident and enthusiastic cook, but does not 
know where to buy good quality fish, while another may be an eager recreational 
fisher, but tends to throw back their catch because they are less confident cooking 
fish, their family tends not to enjoy eating it, or they feel a moral imperative to do 
so. Clearly the input required in each case is very different. Furthermore, fish 
purchase and consumption, like the consumption of any good or service, has a 
context. The context in this case is complex and ever changing, and includes 
seasonally fluctuating price and supply issues, promotions, media messages and 
environmental sustainability campaigns.  
It is important to take a systematic approach to building evidence for a proposed 
intervention, to understand the various factors at play, the participants 
themselves, and the mechanisms by which the intervention influences the desired 
behaviour. It is exactly this approach that is recommended by the MRC model, 
which takes the form of “An iterative, phased approach that harnesses qualitative 
and quantitative methods [leading to] improved study design, execution and 
generalisability of results.”342 The model (see Figure 9) works through stages of 
initial development (including understanding the existing evidence and 
identifying relevant theory) and piloting (including testing procedures and 
analysing recruitment and retention issues) before continuing to full evaluation 
and, where appropriate, public implementation. 
The MRC’s systematic approach helps to ensure that only those interventions with 
a reasonable likelihood of being effective proceed to full trial. With full RCTs being 
both expensive and time consuming, this approach maximises value for money by 
ensuring that full trials only occur when interventions have been shown to have a 
reasonable probability of having the desired impact on behaviour or health 
outcomes. It is much less expensive - in terms of time, money and opportunity 
costs – to discontinue an intervention at pilot stage, than it is after a full trial, or 
even a public implementation. 
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Figure 9. Sequential phases of developing RCTs of complex interventions.342  
This piloting phase is critical in a complex intervention, particularly where the 
intervention is novel, with potential effect sizes unknown. In addition to providing 
information for sample size calculations, pilot studies inform future evaluation 
through an understanding of the mechanisms of change (which may be assessed 
via both qualitative and quantitative methods), the elements of the intervention 
that appear to have the greatest impact, and any potential issues that may have 
an impact on later evaluation.  
4.3.1 Updated guidance 
In 2008 the MRC updated their guidance for the development and evaluation of 
complex interventions.350 The authors acknowledged that, while the model 
recommended eight years earlier had been highly influential, a number of 
limitations had been highlighted in the interim. The model implied a linear 
development process which was common in clinical evaluations, but which was 
not always appropriate for complex interventions in public health. Furthermore it 
did not provide effective guidance for highly complex programs (for example, 
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programs comprising multiple complex interventions). Feedback further 
suggested that the model did not take into account the social, political or 
geographical contexts in which interventions took place, and that some of the 
recommendations were not, at the time, backed by a substantial evidence base 
The authors sought to address some of these limitations by proposing a new, less 
linear model (see Figure 10), and providing examples of a range of different 
interventions carried out in different contexts. The updated model was not 
presented as a direct replacement for the 2000 model, but rather as an 
acknowledgment that “Although it is useful to think in terms of stages, often 
these will not follow a linear or even a cyclical sequence.”350 
 




4.4 The present study as a complex intervention 
Several aspects of the proposed intervention placed it squarely within the domain 
of complex interventions, as defined in both the 2000 and 2008 MRC papers. 
• It comprised a number of components, which may have acted independently 
or inter-dependently. Whilst only a single application was developed, it 
included a number of different features designed to overcome the various 
barriers to consumption identified in the formative research. These features 
were expected to have different degrees of relevance, and potential impact, 
for different users. 
• It was not easy to define the “active ingredients” of the intervention – which 
components made what relative contribution to the overall impact of the 
application. This was especially true for some highly subjective components, 
such as visual design and interface layout. 
• There was no viable way to control the “dosage” to which research 
participants were exposed – i.e. the amount of time they used the application, 
or the degree of engagement with the community of users.  
• Simply developing an application and proceeding directly to full trial, without 
first conducting formative research, basing the application on behavioural 
theory, or subjecting it to a smaller trial or pilot study, would make it very 
difficult draw direct conclusions, or to extrapolate the findings to other similar 
settings. 
• Replication of the study would prove difficult, without detailed 
documentation of the development process and early evaluations. 
 
These complexities made it important to conceive a systematic approach to both 
designing and evaluating the experimental application. The MRC model provided 
effective guidance in this respect. Use of this model was expected to make 
possible a number of study goals, primarily identification of an approximate effect 
size and refinement of the intervention itself as described in Section 4.5.3.  
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4.5 Study design 
A cyclical development process, like the one shown in Figure 10 is particularly 
appropriate in software development. There is great value in the process of 
releasing a product for widespread use, obtaining user feedback and iterating the 
product in response.351, 352 However, the scope of the present study did not allow 
for a fully iterative process, which might be implemented over many years. A more 
linear process was deemed appropriate, with the present study encompassing the 
first three phases of the original MRC model: theory, modelling and an exploratory 
trial. Recommendations are presented, in Chapter 9, for a potential definitive trial 
and for long-term implementation. 
4.5.1 Theoretical phase 
The first part of the MRC’s framework for complex interventions is a theoretical, or 
pre-clinical phase. Any intervention begins with an idea, but these ideas should 
grow from existing literature, ideally in the field of interest or, if the evidence is 
lacking, in similar fields.342 
This study began with an identification of themes in the existing literature 
concerning the health benefits of fish consumption, fish consumer behaviour, and 
the use of mobile technology. These themes are detailed in Chapters 2 and 3. 
Having identified a number of potential avenues for intervention, a theoretical 
framework was chosen to guide the development of the intervention, and the 
means through which it would be evaluated. The selection of an appropriate 
theoretical framework is described in Chapter 5. 
4.5.2 Phase I: Modelling 
The MRC describes Phase I in the development of a complex intervention as one 
in which the components of the proposed intervention are defined. This phase 
often employs qualitative testing via focus groups, surveys or case studies to help 
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identify which parts of a proposed intervention are most likely to be both 
acceptable and effective. 
Phase I of this study involved a series of focus groups examining fish consumption 
behaviour and mobile technology use. These groups were used to explore the 
themes identified in the theoretical phase, both in terms of fish consumption and 
the use of mobile technology. Thematic analysis allowed the wide range of 
reported barriers to, and drivers of, fish consumption to be narrowed down to 
those that might be most effectively influenced by a socially connected mobile 
application. This qualitative study is described in Chapter 6. 
4.5.3 Phase II: Exploratory trial 
The next phase of the framework takes the information uncovered in the 
modelling phase and applies it to the development of an optimal intervention and 
methodology for evaluation. A comparative arm of the study, or control group, is 
established, as are protocols for randomisation and delivery of the intervention. 
The purpose of this trial was twofold. Firstly, it was carried out to determine an 
approximate effect size. This would be needed to guide sample size and power 
calculations for a full trial. Secondly it helped to refine the intervention, to identify 
problems in recruitment, attrition or participant burden, and to determine 
whether data could be effectively collected. 
Campbell et al. identified an important decision to be made at this stage of a trial: 
whether or not to directly assess health outcomes. This decision depends on the 
nature and scope of the study. 
For studies such as those evaluating strategies to change professional 
behaviour, it may be sufficient to show that the intervention changed 
behaviour, provided that clear evidence exists that the changed behaviour – 
for example, prescribing particular treatments – is effective.342 
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For many of the health benefits associated with regular fish consumption, 
assessment of health outcomes would require years of observation. Given the 
strong evidence of positive associations between regular fish consumption, and 
benefits in a range of health areas, health outcomes were not directly assessed in 
this study.  
The information gathered in the modelling phase was used to guide the 
development of a new mobile application, referred to hereafter as “the 
experimental application”, or by its application name, Pier 2 Peer. This was 
designed to be used both as the medium for delivery of the support and 
information hypothesised to be of benefit in increasing fish consumption, and 
also the mechanism by which consumption data was collected. 
Application development is a time consuming process; great care was taken to 
ensure that each part of the application was designed to address a theme 
identified in the formative research, and to ensure that the overall balance of time 
expended on each section reflected a realistic expectation of effect on behaviour. 
These decisions, and the development process as a whole, are described in 
Chapter 7. 
This application was used as the basis of an exploratory trial involving 100 
participants. These participants were assigned to either a test or control group, 
and were given one of two different versions of the application. This trial served 
primarily to determine whether exposure to the experimental application 
appeared to lead to increased fish consumption. It also assisted in a detailed 
analysis of the application and identification of practical and methodological 
problems with the study, which would need to be addressed before a full trial 





5.0   Theoretical framework 
5.1 Introduction 
Although the proliferation of electronic health interventions has in recent years 
seen an increased emphasis on the adoption of relevant theory, these 
interventions have not always displayed such grounding. A meta-analysis of 
mobile phone based health interventions using SMS and MMS messages 
concluded that “...many researchers fail to consider behavioural theory in the 
deployment of SMS or MMS behavioural interventions. The frequent lack of theory 
may represent a significant current flaw, as theory is critical in health behaviour 
research because it aids investigators in understanding how and why individuals, 
groups, and organizations behave and change.”353 
This study was grounded in the behavioural perspective model proposed by 
Gordon Foxall, a consumer psychology theorist, in the late 1980s. This model is 
based on the principles of operant reinforcement and seeks to explain consumer 
behaviour as an outcome of an individual’s learning history coming to bear on 
specific behavioural settings. 
The selection of this model reflects the nature of the behaviour under 
investigation: fish purchase and consumption. As discussed in Section 2.2, the 
reasons people consume fish are complex, and most people probably do not do 
so primarily as a health exercise. However most people are aware of some benefits 
of fish consumption, and this is an influencing factor for many people. 
Furthermore, the present study is premised on the health arguments for 
increasing fish consumption; this is a health intervention. Accordingly, a number 
of theoretical models common in the health sciences were considered, with 
guidance taken both from the models themselves and from previous studies that 
have been based on them. 
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This chapter begins by briefly outlining these models - specifically the theory of 
planned behaviour, the health belief model and the transtheoretical model –
describing the guidance taken from each, and explaining why each was not 
considered a sufficient match for the present study to warrant being used as the 
primary framework. All three of these models are cognitive in nature, and 
therefore contrast with the BPM, a model in the behavioural tradition. The 
difference between these two approaches is also discussed. This chapter then 
describes the BPM in detail and explains its application to the present study, with 




5.2 Cognitive perspectives on food choice 
Cognitive behavioural models are concerned with the role of beliefs and attitudes 
in shaping behaviour, and these constructs have underpinned a great deal of 
consumer marketing research.354 While these terms are commonly used and 
understood in the general lexicon, they are much harder to define as empirically 
measurable constructs. The relationship between attitudes and behaviour is far 
from clear – see, for example contrasting recent findings in studies of blood 
donation behaviour,355 sexual attitudes and religiosity356 and recycling 
behaviour.30, 357 In each of these examples, research participants’ self-reported 
attitudes, beliefs and intentions differed markedly from their observed behaviour. 
In simple terms what people believe, what they intend to do, and what they 
actually do are not always the same.  
Similarly difficult to define is the idea of habit. Can we use habits to explain 
repeated behaviour, or is the repeated behaviour itself the habit? For example, 
one might observe the repeated purchase of certain kinds of fish, perhaps from 
the same store, and explain that purchase in terms of habits acquired over time. In 
making this claim we are saying that the habit explains, at least in part, the 
repeated behaviour. But what exactly is the habit, if it is not the actual act of 
repeatedly buying fish? 
To the extent that we use the notion of habit to help predict or modify future 
behaviour, we are essentially examining past behaviour. Indeed, the predictive 
power of many cognitive behavioural models has increased with the introduction 
of measures of past behaviour76, 358 or situational influences.359, 360 The observation 
of the apparent predictive power of past behaviour and situational influence in 
consumer choice forms the basis of the behavioural model ultimately chosen for 
this study, as discussed in Section 5.3.3. That said, cognitive perspectives were by 
no means discounted in this case. Three cognitive models are now discussed, with 
potential applications to, and limitations in, the area of food choice in general, and 
fish consumption in particular. 
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5.2.1 Theory of planned behaviour 
The theory of planned behaviour (TPB), like the theory of reasoned action (TRA) 
that preceded it, models behaviour with reference to the cognitive constructs of 
intention, attitudes and subjective norms. Where the TRA was primarily concerned 
with behaviour that was under the control of the individual,361 the TPB broadened 
the scope to include other non-volitional behaviours, introducing the construct of 
perceived behavioural control.362, 363 The TBP in particular has had a long-lasting 
impact on the various fields of science in which human behaviour is a focus.  
The predictive power of this model has varied widely between applications, 
particularly when applied to the prediction of food choices, where evidence has 
been mixed. Armitage and Connor’s comprehensive meta-analysis of 185 TPB 
studies found that the theory accounted for 27% of the observed variance in 
behaviour, and 39% of the variance in intention.364 Some more recent studies have 
had better success in using the TPB to predict specific food choices – for example 
in the intention to consume fruit and vegetables365 and organic foods.366 However, 
in many cases these studies have modified the TPB by adding additional variables 
– for example, measures of affect were added to the model in a study of motives 
for purchasing sustainably sourced food, which reported a 61% explanation of 
variance in intention to consume.367 
A number of food choice researchers have concluded the TPB is most effectively 
predictive when combined with some direct measure of past behaviour. In other 
words, that past behaviour is a more effective predictor of future food choice 
behaviour than either attitudes or subjective norms. This has been found to apply 
to meat consumption,368 fast food consumption369 and in a general behavioural 
study meta-analysis.358 
Findings have been equally mixed when the TPB has been applied to the 
consumption of fish and seafood. One study found attitudes were weakly related 
to intention to consume,80 while another found effects only for certain types of 
seafood.111 Where additional measures of past behaviour were accounted for, the 
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effect of attitudes alone was generally lower.76, 87 Verbeke and Vackier’s study 
found the TPB to be generally assistive in explaining fish consumption, but noted 
that “including habit as a separate regressor in the TPB renders insignificant the 
impact of attitude and perceived behavioural control (past experience and 
facilitating conditions) on behavioural intention.”76 They also acknowledged that 
their study was of a non-probability sample of Belgian consumers, and that certain 
idiosyncrasies of this group might make it difficult to generalise their findings 
beyond the immediate study context. 
5.2.2 Health belief model 
The health belief model (HBM) attempts to explain an individual’s decision to take 
action on a given health issue – and by extrapolation, the likelihood of a given 
health intervention having the desired effect.370 The model explains these choices 
as a factor of two sets of beliefs or perceptions – the individual’s perception of 
threat (including their susceptibility to a health problem, and the seriousness of 
any consequences) and their outcome expectations (including perceptions of 
barriers to action, and potential benefits). 
Proposed interventions may be evaluated against these dynamics. An 
intervention offering minimal benefit, with high barriers to participation, may be 
predicted to fail. On the other hand, one that offers large, quantifiable benefits 
with minimal barriers would be considered of high value. Seen this way, health 
interventions based on individuals taking preventative action may be difficult to 
implement successfully, unless the link between the preventative behaviour and 
improved outcomes is particularly well established and understood by members 
of the target group. Taking the example of coronary heart disease, a person may 
be far more motivated to act when they have experienced a significant health 
incident, such as a cardiac event. Their perception of the seriousness of 
consequences and their likelihood of benefit may very well outweigh the burden 
of action.371-373 Those running a weight loss program for men recovering from 
cardiac events will face very different issues to those working with overweight 
teens; the latter researchers may need to employ youth specific strategies (such as 
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family inclusion) to overcome the difference in long-term outlook and risk 
perception among younger people.374 
This is a pivotal issue in public health, with preventative interventions being 
shown to repay their costs many times over. The New South Wales Health 
Department has attempted to quantify these savings – ranging from AU$2 for 
every dollar spent reducing tobacco consumption, to AU$51.20 for every dollar 
spent on needle and syringe programs.375 These are examples of preventative 
interventions with the advantage of a high level of recognition of the health 
dangers, and of the individual’s direct risk. But what of a whole range of 
interventions with a strong case for health benefit, but where the causal chain 
may be less apparent to the average person, or where the health benefits (no 
matter how well-documented) may be far in the future? Fish consumption 
appears to fit in this category. 
The HBM has effectively guided interventions over a long period of time, and for 
good reason: many researchers and interventionists have found success in 
applying its premises in preventative health, for health behaviours such as cancer 
screening and immunisation. Indeed, the model was developed initially with 
these kinds of behaviours in mind.370, 376 It has been less successful in explaining 
behaviours with a more complex mix of determinants, for example in safe sex 
practices377 tobacco use378 and alcohol use.379 In their paper The health belief model: 
A decade later, Janz and Becker380 reviewed 46 HBM studies, finding substantial 
empirical support for the model. They noted, however, that the model appeared 
to have less predictive power when the behaviour being studied was influenced 
by a wide range of factors, and where some of those factors were not specifically 
health-related. For example some behaviours such as cigarette smoking had a 
clear habitual component that appeared to circumvent the health decision-
making process to some extent. Other behaviours were curtailed to some extent 
by economic and other restraints; individuals with a particular health belief were 
not always in a position to enact those beliefs. Perhaps most importantly, the 
authors noted that health behaviours were sometimes undertaken for non-health 
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reasons (for example, dieting to appear more attractive or stopping smoking for 
social approval). 
Some of these limitations were addressed in additions to the model proposed in 
the late 1980s.381 However it remains the case that the HBM, as its name suggests, 
is concerned with behaviours undertaken primarily as a result of an individual’s 
health beliefs. The specific behaviour of fish consumption appears to hit all three 
of Janz and Becker’s reservations: it is a behaviour commonly influenced by 
economic and other restraints (perceived or real),65, 91, 92 one which the cognitive 
tradition would see as having a significant habitual component,87, 92, 99 and one 
which is frequently undertaken for range of non-health reasons.76, 94 
5.2.3 The transtheoretical model 
The transtheoretical model (TTM)382 attempts to explain the drivers behind 
behaviour with reference to five stages of change, beginning with 
precontemplation (where individuals may not even be aware of the health 
benefits of change, and have not actively considered changing), through 
contemplation, determination, and eventual action. After having taking action, 
they may then maintain the health behaviour or relapse. The value of this model is 
in providing the opportunity to understand the various needs of a population, and 
to tailor an intervention to meet those needs. An intervention may be focussed on 
individuals at one discrete stage (for example, a health promotion campaign to 
increase the awareness of the dangers of a particular activity, such as the Royal 
Life Saving WA Don’t Drink and Drown campaign,383 which included a social media 
component), or may assist individuals as they move through the stages of change. 
The intervention undertaken as part of the present study took the latter approach, 
in providing support to individuals who ate very little fish, as well as those who ate 
it relatively regularly, but at lower than advised levels. These different 
consumption levels might be defined in TTM terms as different stages of change, 
particularly if those in the latter category are aware of the health benefits of fish 
consumption and have to some extent increased their consumption as a result. 
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Different kinds of support are needed in each case. Information about the health 
benefits of fish consumption might assist those who may not have considered fish 
as a healthy nutritional option. Those who are aware of its health benefits, yet still 
do not eat it sufficiently to achieve health benefits, might be supported by the 
provision of other support and resources, including species information, buying 
guides, and guidance on selection, storage and preparation. In both cases the 
ultimate goal would be a third stage in which the individual achieves the on-
going, habitual consumption of at least two serves per week which is most likely 
to lead to health benefits (see Section 2.1.3). 
As with the HBM, the TTM is most effective in explaining behaviours that are seen 
by the individual as primarily health-related. It is therefore limited in the same way 
by the variation in motivations for fish consumption. The theory might provide 
effective guidance for an intervention to encourage fish consumption by people 
with rheumatoid arthritis, or those at high risk of heart disease. It is probably less 
instructive for one targeted at the general population. Nevertheless, the 
recognition that individuals all come to an intervention at different cognitive 
stages, with different needs, is an important one. 
  
 108 
5.3 Towards a behavioural understanding of consumer choice 
Gordon Foxall, a consumer behaviour researcher and theorist at Cardiff University, 
proposed the behavioural perspective model (BPM) in a series of papers and 
monographs through the early 1990s.359, 384 He and others have continued to 
expand on this model and test its constructs in a number of different consumer 
contexts including retail brand choice,385 fruit and vegetable purchase,386 
environmentally conservative behaviour,387 supply and demand curves and 
pricing388 and, of relevance to the present context, fish consumption.75 
The BPM was positioned, at least partially, as a counter to what Foxall saw as 
heavy focus on cognitive psychological perspectives in the social sciences and, 
more specifically, in marketing research.354 Cognitive behaviour models, including 
the three discussed in Section 5.2 generally define attitudes as internal, mental 
variables which act as precursors to behaviour or, more precisely, as intervening 
variables between a stimulus and a response. This approach is in contrast to the 
psychological behaviourism of John Watson,389 who regarded mental phenomena 
as outside the scope of science and posited the well-known stimulus (S) response 
(R) pattern: 
 S -> R 
Cognitive psychology places intervening variables (I) between the stimulus and 
response, in the pattern: 
 S -> I -> R 
These intervening variables may include such factors as previous experience, 
learning, or other social influences. These intervening variables are not directly 
observable, and must be inferred from other data – most commonly verbal or 
written responses to attitudinal surveys. Of course these responses are themselves 
examples of behaviour; they are responses to stimuli (for example, a 
questionnaire), which are subject to the same (or other) intervening variables. 
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The BPM draws on the principles of radical behaviourism and, more specifically, 
those of operant conditioning proposed by B.F. Skinner.390 To provide a 
background to the core principles of the BPM, relevant components of operant 
psychology are now summarised. 
5.3.1 Operant conditioning 
Skinner summarised his position in simple terms: “Behaviour is shaped and 
maintained by its consequences.”391 This new paradigm in behavioural psychology 
contrasted with the earlier classical conditioning of Pavlov, who examined the 
mechanisms by which preceding stimuli influenced behaviour.392 In Pavlov’s 
model, repeated pairings with an unconditioned stimulus (food) could lead to a 
conditioned stimulus (a bell) producing a conditioned response (salivation). This 
model is still used, at least obliquely, in consumer marketing; a company 
sponsoring a sports team hopes to associate their logo (initially a neutral stimulus) 
with the feelings of excitement and euphoria a spectator might experience in 
watching a sports event. In so doing they hope to create a situation in which that 
logo becomes a conditioned stimulus, provoking similar positive feelings even 
outside of the sporting context.354 
Where Pavlov sought to understand behaviour by examining its antecedent 
stimuli, Skinner examined rates of behaviour in relation to past consequences 
when performing similar behaviour – in other words, to post-behavioural effects. 
He observed that some consequences acted as reinforcers, making repetitions of 
the behaviour more likely, while others acted as punishers, making them less 
likely. By measuring previous rates and ratios of both positive and negative 
consequences, Skinner found that he could reliably predict the behaviour of his 
animal subjects. By manipulating these schedules of reinforcement, he found he 
could equally reliably influence behaviour. 
Skinner summarised this relationship as follows, where R (rate of response) 
depends on the nature of positive, or appetitive, consequences (Sr) and aversive 
consequences (Sa) it generates. 
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R  ➝  S r/a 
Like Pavlov, Skinner was also interested in prebehavioural stimuli that might 
signal to the individual what consequences were likely to occur after a given 
behaviour. The individual uses these discriminative stimuli (Sd) to discriminate their 
behaviour, effectively optimising their performance to maximise their chances of 
receiving positive reinforcement. Known in operant psychology as the three-term 
contingency, the construct is expressed: 
Sd  ➝  R  ➝  S r/a 
In this formulation, the term response refers to approach behaviours – for example, 
in the consumer context, making a purchase. An individual may not engage in 
approach behaviour; they may elect not to make a purchase. In this case they are 
said to have engaged in escape behaviour. When an individual does not perform 
the approach behaviour (R), but rather an alternative escape response (RE), the 
formulation becomes: 
Sd  ➝  RE  ➝  S r/a 
It may seem odd to use the word escape to describe a consumer opting against a 
purchase, but it is important to remember that the language of operant 
psychology originated in the animal laboratory, where the subjects of the 
research, typically rats, had a very limited range of behaviours available to them. 
This is more than a semantic point; the differences between animal and human 
behaviour, particularly with respect to the range of behavioural possibilities, must 
be considered when applying operant principles to human behaviour. The BPM 
addresses these issues by including notions of open and closed behavioural 
settings (see Section 5.3.5). 
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5.3.2 Reinforcers and punishers 
In order to use an operant conditioning model to predict the rate of response (in 
the present context, the regularity of fish consumption) and ultimately to 
influence it, it is vital to understand both these antecedent discriminative stimuli 
and the schedules of reinforcement that follow the behaviour under examination. 
As well as distinguishing between positive and aversive stimuli, Skinner also 
categorised behavioural outcomes in terms of whether they involved the adding 
of a stimulus, or the removal of one. These distinctions led to the four-fold 
categorisation of stimulus outcomes shown in Table 1. 
Table 1. The four quadrants of operant conditioning. 
Stimulus type Effect: Increase 
behaviour 
Effect: decrease behaviour 
Appetitive 
stimulus 
Add appetitive stimulus: 
Positive reinforcer (R+) 
Remove appetitive stimulus: 
Negative punisher (P−)  
Aversive stimulus Remove aversive stimulus: 
Negative reinforcer (R−) 
Add aversive stimulus: 
Positive punisher (P+) 
 
Positive reinforcers increase the likelihood that behaviour will be repeated by 
adding a positive stimulus – for example, a person might eat a well-prepared fish 
meal and enjoy it. Negative reinforcers also increase behaviour, but by removing 
negative stimuli. For example, a mother might feel a sense of guilt when she 
learns that children’s health can benefit from fish consumption, and that guilt 
might be assuaged when she prepares fish for them.  
Punishers decrease the rate of the punished behaviour. Positive punishers do this 
by adding a negative stimulus; an extreme example is a person who becomes ill 
after eating a meal. A number of people who strongly dislike fish describe an 
aversion to it, or a fear of food poisoning.393, 394  Negative punishers reduce repeat 
behaviour by removing a positive stimulus. The surrender of money that takes 
place any time something is purchased is a negative punisher. The individual who 
complains that fish is expensive is effectively saying that the loss of money (a 
 112 
negative punisher) has to some extent outweighed the benefits associated with 
the purchase of fish. It is important not to confuse negative reinforcement with 
punishment; the former increases response rate while the latter decreases it. 
5.3.3 The behavioural perspective model 
Based directly on these principles of operant reinforcement, the BPM was 
proposed as a model for interpretation and prediction of behaviour based on two 
primary measures: the environmental situation of the consumer and their 
previous learning history. Put differently: 
The argument of the BPM research programme is that to explain consumer 
behaviour requires that it be located spatially (i.e. with respect to the scope 
of the behaviour settings in which it occurs) and temporally (i.e. within the 
stream of the consumer's learning history).360 
Many models of behaviour begin by seeking to understand, explain and predict 
human behaviour and, having done so with some degree of effectiveness, are 
then used by social scientists to inform and guide efforts to modify behaviour. The 
degree to which they are effective in doing so is particularly important in public 
health and health promotion. Unfortunately some theoretical frameworks have, 
over time, proved more effective at predicting behaviour than changing it. For 
example, a systematic review of behaviour change interventions based on the TPB 
found that it was more often used to measure process and outcome variables and 
to predict behavioural intentions, rather than to inform the development of the 
intervention itself. It also found generally small effect sizes and limited evidence or 
description of the mediation of effects on behaviour change by the various 
components of the theory.395 As a model directed primarily at consumer 
marketing researchers, the BPM is strongly focused on providing practical 
guidance to those wishing to change behaviour. The applied goal for the BPM was 
to “understand how marketing strategies increase approach and, where ethically 
acceptable, reduce escape and avoidance.”359 
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The BPM places all consumer behaviour within a context. Specifically, choices are 
said to be made in a specific behaviour setting, and to be influenced by a specific 
history of past learning. It is this learning history that determines which cues in the 
behaviour setting will act as triggers for certain behaviour and, more importantly 
in a consumer context, which cues will increase the likelihood of consumption and 
which will decrease it. The primary components of the BPM are illustrated in  
Figure 11. Consequences of behaviour are grouped in three ways, summarised in 
Sections 5.3.3.1 - 5.3.3.3. 
 
Figure 11. Summary of the BPM. 
5.3.3.1 Utilitarian reinforcement 
Utilitarian reinforcement, as the name suggests, is derived from the utility an 
individual gains from consuming a product or service. These are tangible benefits 
associated with purchasing something, owning it, or consuming it. For example, a 
car enables a person to get quickly from A to B, and a dishwasher saves a person 
time when cleaning up after a meal. Like all foods, the purchase and consumption 
of fish provides a certain amount of nourishment and may result in a pleasurable 
eating experience. It should be noted that, while utilitarian reinforcement is said 
to be concrete, it is not always a physically observable phenomenon; it includes 
positive feelings that that arise from the consumption act. Indeed it could be 
argued that all utilitarian reinforcement falls into this category – it is not the actual 
washing of the dishes that acts as a reinforcement for the purchase of a 
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dishwasher, but rather the positive emotions that arise from feeling that one has 
saved time, or from the activities made possible during that saved time. 
Utilitarian reinforcements are directly associated with the specific characteristics 
of the consumed goods. We may estimate these effects relatively easily by 
examining the goods themselves. Furthermore these reinforcements are likely to 
be relatively stable and consistent between different social systems.396 
5.3.3.2 Informational reinforcement 
Also referred to as symbolic reinforcement, informational reinforcement refers to 
positive feedback on the purchase act either received directly from other people, 
or assumed by the purchaser. So while two different cars, or two different 
dishwashers, may provide broadly similar utilitarian benefits, they may differ 
widely in the kinds of symbolic feedback they may attract - more prestigious 
brands might be seen to confer greater status, and the purchaser may receive 
more favourable feedback on their purchase choice. In one sense, these outcomes 
act as a kind of performance feedback. Consumers reflect on their own 
“purchasing performance” and those of others, a continuous non-verbal process 
whereby individuals reflect on how well they are exchanging their time, effort and 
money in acquiring goods.354 
Informational reinforcers may be much more difficult to delineate than utilitarian 
reinforcers, particularly with respect to their relative influence any particular 
consumer. One consumer may be more susceptible to informational feedback 
than another. Informational reinforcers are likely to be different between different 
social systems (a given brand may be prestigious in one part of the world, but 
relatively unknown in another).396 They are also likely to change over time. The 
utilitarian consequences of smoking a cigarette have changed very little in the last 
fifty years, but the social feedback and prestige associated with doing so have 
changed a great deal. 
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5.3.3.3 Aversive consequences (punishers) 
Not all purchase or consumption experiences are positive. A purchased good may 
be unfit for purpose, its properties may be different than expected, or it may not 
last as long as the consumer would like. The expected social feedback may not be 
forthcoming. A consumer, having decided to spend extra money to acquire a 
prestigious brand, or a more premium food product may decide on reflection that 
it was not worth the extra expense – that the cheaper brand or product would 
have provided similar benefits. 
Negative experiences that occur after the purchase or consumption of goods 
naturally reduce the likelihood of that behaviour being repeated; in operant 
terms, the rate of response is reduced. The degree of the impact will depend on 
many factors, including the severity of the consequence, the consumer’s previous 
history of reinforcement, and the mix of other reinforcers available. Foxall359 makes 
the point that all economic activity is simultaneously reinforced and punished, 
due to the fact that, at its core, it always involves the transfer of rights. In buying 
goods from a vendor, the purchaser is rewarded with ownership of the goods (a 
reinforcer) whilst simultaneously surrendering ownership of a certain amount of 
money to that vendor (a punisher). It is the relative mix of these stimuli, and of the 
subsequent consequences, which determine whether a repeat purchase is more 
or less likely. 
5.3.4 Classes of consumer behaviour 
The BPM describes four quadrants of consumer behaviour, contingent on the 
relative levels of reinforcement that typically accrue from it. These behaviour 




Table 2. Operant classes of consumer behaviour, defined by patterns of 
reinforcement.396 





reinforcement Accomplishment Accumulation 
Low informational 
reinforcement Hedonism Maintenance 
 
Accomplishment consumption refers to the acquisition of goods that are of both 
high utility and high status, such as luxury cars. Accumulation includes behaviours 
such as collecting and saving, behaviours that are of limited utility in and of 
themselves, but may collectively lead to greater utility at a later date. Loyalty 
cards, laybys and frequent flyer programs are based on this kind of behaviour. 
Hedonism refers to behaviour that is reinforced mainly by its practical benefits 
(such as less-prestigious household appliances) or the good feelings it engenders 
(such as watching movies). Finally, maintenance refers to behaviours that need 
little reinforcement because they are seen by the individual as necessary or 
mandatory – purchase of weekly groceries, including staple goods, or the 
payment of rates and taxes. 
The consumption of fish might represent either hedonistic or maintenance 
behaviour, depending on the context of the purchase, and the traits of individual 
consumers. Eating a fish meal (or indeed, any meal) at a restaurant might be seen 
as a hedonistic purchase, as might the special purchase of relatively expensive 
fresh fillets, whole fish, or seafood for a special occasion. On the other hand, the 
regular purchase of categories like frozen fillets or canned fish as part of weekly 
grocery shopping looks more like maintenance behaviour. Some behaviours may 
represent different categories of consumption for different consumers. Taking the 
example of purchasing fresh fish fillets, one person may do this every time they 
shop, with no specific occasion in mind, while another may only do so only 
occasionally, seeing it as a luxury purchase. 
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5.3.5 Open and closed settings 
The BPM also differentiates between relatively open, and relatively closed, 
behaviour settings.360 A setting is said to be open when a consumer has a large 
number of options from which to choose, and when they may easily choose to 
make no purchase at all. Shopping for clothing at a mall is an example of an open 
consumer setting. In contrast, closed settings provide relatively few options, and a 
consumer may have little choice but to select from one of those options. Choosing 
an electricity provider and paying taxes are examples of closed consumer settings, 
with the latter being extremely closed.  
Closed consumer settings tend to be characterised by relatively few reinforcers, 
which may be quite easy to identify. The consumer selecting an electricity 
provider will likely be choosing from only a small number of candidates, will have 
relatively little comparative information on which to make their choice, and in 
most cases will make their decision based on a small number of factors, such as 
price. In contrast, open settings provide a much wider array of potential 
reinforcements, which may themselves be at least somewhat ambiguous. It may 
be much harder to delineate the specific stimuli that have impacted on a 
consumer’s purchase; if asked, they may not themselves be able to articulate why 
they selected one brand, or store, over another. 
Those seeking to predict behaviour, whether they be marketers or researchers 
undertaking a health intervention, must seek to understand the settings in which 
the target behaviours are performed, and to be aware of where those settings fall 
on the open-closed spectrum. Specifically, they must consider the availability of 
reinforcement, as discussed above. They may ask questions like: 
• How many different reinforcers are available? (e.g. How many different aspects 
of the fish purchase and consumption experience are likely to make an 
individual feel good?) 
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• How many different ways are there to obtain those reinforcers? (e.g. Are the 
reinforcers available for the consumption of fish substantially different to 
those available for eating other meats?) 
• Is the availability of those reinforcers dependent on certain skills, or the 
completion of specific tasks? (e.g. To what extent do cooking skills impact on 
the receipt of reinforcement? Naturally this will depend a great deal on 
whether the fish purchaser is also the person who will cook it, and the relative 
importance of this factor will be very different when fish is purchased for home 
consumption, as compared with fish ordered at a restaurant.) 
If they are also interested in modifying behaviour, marketers or researchers must 
further ask themselves to what extent those factors are under their control or, at a 
minimum, within their sphere of reasonable influence. Foxall359 identifies three 
primary opportunities for behaviour change: enhancing the effectiveness of 
reinforcers, controlling schedules of reinforcement and increasing the quality and 
quantity of reinforcement. Herein lies the opportunity for health promotion, when 
the promoted behaviour requires making an impact on consumer choice. The 
present study aimed to identify ways to take advantage of these three 
opportunities. 
5.3.6 The interaction between behaviour setting and learning history 
To illustrate how behaviour setting and learning history interact, consider two 
different shoppers passing the fish counter in the same supermarket. The setting 
is identical for both individuals, including visual stimuli (signage, branding, point 
of sale materials such as recipe cards and, perhaps most importantly, the fish 
itself), other sensory stimuli (perhaps most pertinently, smell), and additional 
factors (the price of the fish, special deals that may be available, the cleanliness or 
otherwise of the store, the information that might be obtained by asking 
questions of the store staff). Both individuals have the same range of behaviours 
available to them, including both approach behaviours (examining the products 
available, asking questions, taking recipe cards and, ultimately, purchasing the 
fish) and escape behaviours (passing by the counter, and perhaps purchasing 
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alternative protein sources). And, yet, one consumer buys fish and the other 
doesn’t. How is it that the same stimuli provoke different responses in these two 
individuals? 
The BPM posits that each individual discriminates these stimuli differently, 
depending on their specific learning history – in other words, their experience with 
those stimuli on past occasions. In operant terms, consumers have experienced a 
particular mix of positive and negative consequences after having purchased fish 
in the past, and these environmental cues act as different discriminative stimuli for 
each individual. According to the BPM, we must understand the individual’s 
learning history in order to predict their behaviour in a given context. 
What a consumer lacks in direct consumption history, they will often try to make 
up by seeking advice from other consumers or salespeople, or by sampling the 
product. This represents an opportunity for those seeking to encourage a given 
consumption behaviour, so long as they can effectively position themselves as 
trustworthy sources of product information. They must also understand that they 
will be required to provide different information for different kinds of consumers, 
with different histories of consumption.354 
An intervention to increase fish consumption might encounter consumers who 
have little experience with fish, and little understanding of how to incorporate fish 
into their diet. They may not have had any particularly negative experience; they 
simply lack consumption experience. In this case, the challenge is to create a 
desire to increase consumption (perhaps by identifying the health benefits 
associated with doing so), and to intervene in a way that might increase the 
chances of positive reinforcement arising from that consumption. For example, 
they might be shown how to select better quality fish, how to store or cook fish 
more effectively, or how to prepare fish in a way that might be appealing to their 
family members. 
That intervention might also encounter individuals who have experienced mainly 
aversive consequences from consuming fish – perhaps they have tried fish they 
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did not like the taste of, or stored it in a way that it went bad, or cooked it in a way 
that was unpalatable for themselves or their family. Whilst the triggers to increase 
consumption might be similar to the first category of consumers, the balance of 
endeavours must be very different; these consumers may need more convincing 
to reconsider fish consumption, and may need very specific interventions to 
improve their outcomes. If, say, a consumer has experienced problems with the 
bones in fish, they will need specific help with either removing bones or 
identifying species and cuts that are less likely to contain bones. 
5.3.7 The BPM and fish consumption 
Leek et al.75 applied the BPM to understanding the situational determinants of fish 
consumption. Working with a random sample of British shoppers (n = 311), they 
found that both fish consumers and non-consumers had a generally positive 
attitude toward fish. They sought to understand what other situational variables 
might explain the decision to purchase fish or not. 
The researchers asked respondents about their beliefs regarding the potential 
consequences of fish consumption. This enabled an analysis of the discriminative 
stimuli that might have a bearing on purchase decisions for different consumers. 
They identified five categories of consumer belief regarding fish consumption, 
which were: 
1. versatility (positive utility/technical criteria/product attributes); 
2. appropriateness (symbolic rewards/integrative criteria/ branding); 
3. negative (negative utility/product attributes/ technical criteria); 
4. economic (costs/economic criteria/price); and 
5. availability (setting/legal criteria/accessibility). 
Fish consumers and non-consumers were found to differ in all five categories. For 
example, fish consumers were less deterred by unpleasant characteristics of fish, 
and more likely to see it as a versatile product from which easy meals could be 
prepared. Further differences were found between the three classes of fish 
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product investigated (fresh, frozen and canned), with regular consumers being 
more likely to opt for fresh fish. 
That fish consumers are more likely to view the positive attributes of fish as 
outweighing its negative attributes should hardly be surprising. More important 
in the present context is that this study showed that a systematic analysis of the 
situational determinants of fish consumption is possible, within the framework of 
the BPM. This study showed that testable relationships between the constructs of 
behavioural setting and learning history do have predictive power when 
examining the choice to eat fish, as has been demonstrated in a number of other 
consumer contexts. 
5.3.8 Implications for the present study 
The present study sought to conduct formative research designed to understand 
the drivers and barriers to Australian fish consumption and to use these findings 
to design an effective intervention. Basing this work on the BPM required that the 
formative research investigated participants’ learning history as well as the 
settings in which purchase and consumption took place. 
Whilst these factors can be complex in any consumer behaviour, there are some 
specific properties of fish consumption that deserve special consideration. As 
discussed in Section 2.2 many people have had mixed experiences with seafood 
consumption, meaning that the experiential history of individual consumers is 
both complex and highly variable. Compare this with other foods. If an individual 
has had a negative experience with beef, they may have a good idea why. Perhaps 
it was overcooked, or a cheaper cut, or purchased from an inferior outlet. This 
experience may not have an effect on the individual’s overall perspective on the 
product class.397 More likely, it may change some specific aspect of their future 
consumption behaviour – they may not choose that cut in future, or purchase 
from that outlet. 
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Experiences with seafood may be more likely to have a complex, unpredictable 
impact on consumption behaviour. A generally lower level of confidence and 
product knowledge104 means that individuals are more likely to generalise 
negative experiences to the product class as a whole. When combined with the 
common perception of fish being somewhat expensive (a punisher, according to 
the BPM, although one which may be counterbalanced by perceptions of quality 
or social desirability), this creates a complex nest of factors counting against the 
establishment of regular, long-term patterns of consumption. 
Consider also the variation in species of fish and seafood, and the wide diversity of 
appearance and other physical attributes – scales, bones and, in the case of 
certain kinds of seafood, claws, shells and carapaces. Some species have non-
edible parts, requiring special knowledge to identify those parts and skills to 
remove them. For example, soft-shell crabs must be prepared by first removing 
the face, gills and apron (a tail-like appendage on the underside of the shell). 
Failure to do so would have a significant impact on the quality of the eating 
experience, and many species of fish and seafood have similar requirements. A 
consumer who has made a storage or preparation error, and subsequently not 
enjoyed the meal, may or may not be aware of their mistake, may have a general 
sense that the meal did not work, or may decide that this and similar species are 
“more trouble than they are worth”. The punishers associated with this experience 
are unlikely to be quarantined to the precise species involved. Studies in operant 
conditioning have shown that individuals tend to generalise their experiences to 
other similar stimuli.398 The individual is likely to apply their learning to other 
similar species or, in extreme cases, to fish and seafood as a whole. 
Finally it was important to look not just for examples of behaviour that fitted well 
with the BPM but also for observations that were difficult to explain in the terms of 
this model. For example, cases where consumption was difficult to explain with 
reference to learning history or behaviour setting. Consumers who had easy 
access to affordable fish, and could not identify any specific negative experiences, 
yet still did not consume it. Or conversely, individuals who consumed fish despite 





6.0   Focus group study  
6.1 Introduction and rationale 
As described in Chapter 2 an examination of existing fish consumption literature 
revealed a number of potential barriers to consumption. These factors included 
cost, access to high quality product, taste preferences, preferences of family 
members, early experiences and exposure to health information. Chapter 3 
discussed the increasing use of mobile technology in health interventions, and 
explored the efficacy of this approach for addressing some of the reported 
barriers to fish consumption. Positioning this endeavour within the constructs of 
the MRC framework for complex interventions required first that an appropriate 
theoretical framework be applied, a process described in Chapter 5. The next step, 
a modelling phase, is described by the MRC as follows: 
The second step in evaluating a complex intervention is to develop an 
understanding of [the] intervention and its possible effects. This involves 
delineating an intervention’s components and how they inter-relate and 
how active components of a complex package may relate to either 
surrogate or final outcomes…It may also include qualitative testing through 
focus groups, preliminary surveys, case studies, or small observational 
studies.399 
Undertaking formative research of this nature was considered particularly 
important due to the fact that many of the fish consumption studies reviewed 
were somewhat dated; the bulk of peer-reviewed fish consumption research 
occurred in Europe in the early to mid 2000s.59, 76, 78, 79, 84, 85, 87, 122  It was considered 
important to examine consumer perceptions within the immediate context of the 
current study – Australia, in 2013-2014. Conducting new qualitative formative 
research would also provide the opportunity to seek information about mobile 
device use, and to explore potential users’ thoughts about the potential relevance 
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of this technology to fish consumption; in other words, to ask whether consumers 
would consider using an application like the one being proposed. 
With these goals in mind a focus group study was designed in which participants 
would be asked about their consumption of fish, their perceptions of what drove 
or inhibited their fish consumption, the ways they accessed health and nutrition 
information, and their use of mobile technology including smartphones, tablets 




Participants were recruited from two sources with different demographic profiles: 
the Curtin University student and staff pool and the Wanneroo Playgroup 
Association. In 2014 Curtin University had 53 617 students and 4020 staff.400 
Participants were recruited via social media, email invitation and promotion on 
the university’s radio station, Curtin FM. The Wanneroo Playgroup Association is a 
non-profit group providing play facilities for parents of young children, and in 
2014 had an enrolment of 135 children from 90 families (pers. comm. Wanneroo 
Playgroup Association Enrolment Officer). The Australian Bureau of Statistics 
Socioeconomic Index for Australia (SEIFA) places the Suburb of Wanneroo in the 
fourth decile of socioeconomic disadvantage.401  
Participants were required to be aged 18 years or older. The only other 
requirement for inclusion was that participants were at least light fish consumers; 
individuals who ate no fish because of a vegetarian diet or other strong aversion 
were excluded. This ensured that the focus groups were broadly representative of 
the target population for the proposed intervention. A small incentive of an 
AU$30 supermarket voucher was offered to thank volunteers for their 
participation. 
Basic demographic information including gender, age and number of children at 
home was collected from prospective participants and used to organise them into 
groups that were broadly similar in demographic terms. For example, one group 
was planned to comprise volunteers with no children at home, while another was 
to be made up solely of students. Some changes to groups were required to 
accommodate preferred meeting times and late change requests, however, so the 
final groups were not fully homogenous with respect to age and family situation. 
Recruitment was progressive; a basic thematic analysis was conducted after each 
group and used to determine future groups, with a view to conducting groups 
until saturation of themes was achieved (that is, until no new themes were 
forthcoming). In all, seven group sessions were conducted, comprising a total of 
 127 
37 participants. Recruitment via the university channels was significantly more 
successful, contributing 32 participants, compared with 5 from the Playgroup 
Association. 
A summary of the demographic information for the 37 selected group participants 
is shown in Table 3. 



















Groups were conducted in a semi-structured manner to encourage free 
discussion, with the same facilitator conducting all groups. Each group lasted 
between 45 and 60 minutes. Active consent was gained from all participants prior 
to the commencement of each focus group; participants were provided with an 





The main constructs of the behavioural perspective model (BPM) were used to 
frame focus group questions. These constructs were: 
• behaviour setting – typical situations in which individuals purchased or 
consumed fish 
• utilitarian reinforcers – positive experiential factors associated with purchasing 
and consuming fish 
• informational reinforcers – positive feedback about fish consumption, 
including health messages 
• punishers – negative aspects of fish purchase and consumption, including 
both experiential factors and negative feedback, such as environmental or 
contaminant concerns. 
 
Questions covered both the purchase and consumption of fish and the use of 
mobile technology, particularly for health and nutrition information. Questions 
relating directly to fish consumption were guided by the questionnaire developed 
and validated in a previous BPM study of fish consumer behaviour.75 This UK 






• the components of a good family meal 
• value for money 
• alternatives to red meat. 
Taking the form of a quantitative survey, this study presented a series of 
attitudinal statements encompassing both positive and negative aspects of fish 
consumption. Respondents were asked to indicate a degree of agreement with 
statements like “fish is a healthy food”, “fish makes a good family meal”, “fish goes 
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off quickly”, “the bones in fish are off-putting”, and “I like to serve fish when I have 
guests”. For the purposes of the semi-structured discussions conducted in the 
present study, more open-ended questions were framed to encourage discussion 
of similar topics. Questions were phrased colloquially, to put participants at ease 
and encourage free conversation. 
The full set of questions used in the focus groups is now presented, grouped 
according to the main BPM categories. In the focus group discussions, questions 
were ordered thematically (questions about buying fish, questions about cooking 
fish, etc.), rather than in the order presented here. 
6.2.1.1 Behaviour setting 
• What do the terms “fish” and “seafood” mean to you? 
• Roughly how often do you eat any kind of fish? 
• Do you tend to eat fish more often at home (cooked by you, or someone in 
your family) or when you are eating out? 
• If you don’t cook fish especially regularly, in what circumstances do you? 
• When you cook fish, do you find a recipe first, then go out and find the right 
fish, or do you tend to buy the fish first (perhaps by choosing something that’s 
on special), then figure out what to do with it? 
• If there were one thing you could change about the places that sell fish, what 
would it be? 
• Do you use a mobile device such as a smartphone or a tablet computer?  
• Do you ever use your device, or the apps on it, while you’re food shopping, to 
help you make decisions? 
6.2.1.2 Utilitarian reinforcers 
• Roughly what proportion of the time would you say that cooking fish is 
successful for you (that is, the meal works out, and most of the people eating it 
enjoy it)? 
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• Are you interested in trying new products, ranges, or species of fish, or do you 
tend to buy kinds of fish that you have tried before? 
• What do you think it would take to encourage you to try new kinds of fish?  
• Do you think you would use an app that claimed to make it easier to eat more 
fish, by helping to find and share recipes, choose the right fish for different 
uses, and find good quality fish in your local area? 
• If so, what would be the most important things you would be looking for in 
such an app? 
6.2.1.3 Informational reinforcers 
• How often do you think you should eat fish? Why do you think you should eat 
it this much? 
• Do you think that eating fish is good for you? 
• Do you feel any kind of obligation to serve fish to your family? If so, why? 
• Let’s say you wanted some information about fish, other than recipes. What 
would you do to find this? 
• When it comes to fish, which information sources are you most likely to trust? 
• Do you use apps on your device that have anything to do with food, nutrition 
and health? Are there any you use particularly regularly? 
• If you use any of these kinds of apps, how did you find out about them? 
• Have you ever used social media to find out something to do with food, 
nutrition or health?  
• How likely would you be to trust food, nutrition or health information you 
found on a social media site, compared with the information sources we talked 
about earlier? 
• Let’s say an app was designed in such a way that most of the information was 
sourced from other consumers (for example, it showed places to buy fish that 
had been recommended by other consumers, or recipes that other people had 
tried). Would you be more or less likely to trust this information than if it was 




• If you eat fish less often than you think you should, why do you think this is? 
• How hard is it to cook fish, compared with other meats? 
• How do you feel about the price of fish? 
• If there were one thing you could change about fish, what would it be? 
 
It should be noted that, in the context of an open-ended discussion, these 
categories were permeable and contained significant overlap. For example, a 
discussion of people’s degree of success cooking fish could as easily encompass 
positive (reinforcing) aspects as negative (punishing) ones. Similarly, obtaining 
information could lead to informational reinforcement, utilitarian reinforcement 
(if, for example, the information improves an individual’s ability to cook fish 
effectively), or even punishment (for example, if the information discourages 




Immediately following each focus group session, audio recordings were 
transcribed and written notes incorporated. After all transcriptions were 
completed, the results were collated and organised thematically. Data 
management of full transcripts and other relevant text was facilitated by the 
Dedoose qualitative data analysis tool.402  
Semantic content analysis was carried out to identify themes. Two specific sub-
categories of this approach were used: designation analysis, which determines the 
frequency with which certain concepts are mentioned, and assertions analysis, in 
which the relative frequency of positive and negative mentions of those concepts 
is examined.403 Given that a central component of the BPM is the notion of a 
consumer’s learning history, and the relative proportion of positive and negative 
experiences that history comprises, this latter approach was particularly relevant. 
A cascading coding system was designed, in which excerpts were assigned first to 
a top-level category (e.g. cooking fish, fish and health, fish characteristics), then to 
any relevant sub-categories (e.g., for the cooking fish category, recipes, ease of 
cooking compared with other meats, and confidence experimenting). For some 
sub-categories, a third level of codes was appropriate. Most excerpts were also 
assigned one or more codes relating to the main constructs of the BPM. Codes 
were developed inductively from the transcript data, with close reference to the 
BPM constructs. 





Figure 12. Codes used in the thematic analysis of qualitative data. 
Two examples of the use of this coding taxonomy are shown in Figure 13. 
 
Figure 13. Examples of excerpt coding. 
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Two researchers independently coded excerpts from all seven transcripts. 
Differences in code applications were flagged, discussed and resolved either by 
retaining codes from both researchers or removing code applications agreed to 
be in error. In all, 787 excerpts were analysed and 3357 code applications made, 
comprising 107 discrete codes. 
Code co-occurrence analysis assisted with the identification of key themes. The 
relative co-occurrence of positive and negative BPM constructs with various 
components of fish consumption behaviour created a broad-stroke picture of the 
degree to which these components had contributed to participants’ learning 
history. This analysis enabled the following general observations: 
• Physical characteristics of fish were mentioned in a negative (punishing) 
context five times more often than in a positive (reinforcing) context. (negative 
n = 44; positive n = 8) 
• Combining all aspects of health, including benefits, contaminants and 
allergies, discussion was strongly positive. (positive n = 37; negative n = 7) 
• Positive and negative mentions of issues relating to the cooking of fish 
occurred quite evenly. (positive n = 26; negative n = 24) 
• Fish purchasing experiences were described in a negative context twice as 
often as in a positive one. (negative n = 62; positive n = 31) 
• There was a somewhat more even incidence of positive and negative 
mentions of fish outlets themselves. (negative n = 25; positive n = 16) 
• Price was mentioned in a negative context four times as often as in a positive 
one. (negative n = 31; positive n = 8) 
• Cultural issues were more likely to be described as having a positive impact on 
consumption than a negative one. (positive n = 18; negative n = 10) 
• Early experiences with fish were described as positive slightly more often than 
negative (positive n = 9; negative n = 6) 
• Overall the discussion that occurred across the seven groups was very evenly 
divided between positive and negative factors, based on application of the 
BPM codes. (negative n = 803; positive n = 792) 
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Aside from BPM considerations, other observations were made possible by the 
analysis of code co-occurrence. 
 
• Cultural and international factors more often related to purchasing fish (n = 
16) than to cooking it (n = 2) or to its characteristics (n = 4). 
• Taste preferences were discussed relatively evenly with respect to the 
preferences of the participant (n = 12), their partners (n = 13) and their 
children (n = 9). 
• The most commonly mentioned physical characteristics of fish and seafood 
were bones, scales and claws (n = 36). Odour (n = 14) and freshness (n = 14) 
were other regularly mentioned factors.  
• Recreational fishing (n = 47) was mentioned twice as often as commercial 
fishing (n = 24). 
A sample of the code co-occurrence data is shown in Table 4. 
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Table 4. A sample of code co-occurrence data from thematic analysis of focus 





It is important to note that this quantitative analysis of the transcript data was 
only used as a guide in the identification of themes. The semi-structured nature of 
the group sessions meant that any inferences from the data needed to be both 
measured and interpreted in the context of the discussions from which the 
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excerpts were taken. For example, some individuals spoke at length on a given 
topic, returning to the same themes throughout their session. A purely 
quantitative analysis of the data would have been of limited objective value. 
6.3.1 Themes 
6.3.1.1 Barriers to consumption 
Reported barriers to consumption were in line with those reported by the 
literature (see Section 2.2). Participants cited high cost, the presence of bones, 
inconvenience, variable quality, and difficulty finding fish that suited their taste 
preferences, or those of their partners or children.  
The BPM does not explicitly segregate punishers using the two categories it uses 
for reinforcers, namely utilitarian and informational. However in this case a 
distinction was made to assist with a deeper understanding of the reported 
barriers to consumption. Utilitarian punishers were considered to be factors 
expected to decrease fish consumption, specifically related to fish itself, or the 
experience of purchasing, preparing and eating it. Informational punishers were 
factors not related to the immediate act of purchasing or eating fish – for example, 
the opinions of other people, friends, family or health professionals, or 
information participants had been exposed to. This decision was not at odds with 
the terms of the BPM, which certainly examines both forms of punishment 
without usually making an explicit distinction in diagrammatic representations of 
the model. 
Utilitarian punishers were nearly twice as likely to be reported by participants than 
informational punishers. (Utilitarian punishers n = 106, informational punishers n 
= 59) In other words, the barriers participants cited were more commonly related 
to the experience of purchasing and eating fish (cost, bones, smell, difficulty 
cooking), than they were to negative informational consequences or feedback 
about fish consumption. This is in keeping with the literature, which suggests a 
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high level of awareness of the health benefits of fish, and generally positive 
disposition towards its consumption.75, 109, 110 
Where informational punishers were reported, they appeared to have a minimal 
impact on the participant’s consumption levels, to have had an impact only 
during a specific time period (for example, during pregnancy), or on consumption 
of specific fish species. These factors included sustainability issues, an awareness 
of contaminants such as mercury, and specific health issues for which the 
participant believed they should limit consumption of certain species. There was 
some level of perception that larger fish species were more likely to contain 
contaminants, with tuna, swordfish and salmon being mentioned specifically. In 
some cases participants had some awareness of official guidelines on this issue. 
For example: 
There’s advice that you shouldn’t eat certain types of fish if you’re, for example, 
pregnant or breastfeeding. Then there’s certain types of fish that even if you’re 
healthy, you should eat more than a certain amount. I’m not sure what the 
guidelines are but, I think its two or three times a week. 
(University group 4, participant 3) 
Some participants expressed the view that any concerns they had were 
outweighed by taste considerations and an awareness of counter-balancing 
health benefits. For example: 
I know that in regards to the larger fish, there’s a higher mercury content due to 
the pollution and everything so I do try to keep away from the larger fish if I can. 
But taste overtakes and I’ll have a nice salmon steak every now and again. I 
don’t know, I seem to be eating a lot more smaller fish these days, like sardines, 
pilchards, just because of the health benefit as well. I know they’re higher in the 
omega-3s and all the other oils as well. 
(University group 3, participant 3) 
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6.3.1.2 Drivers for consumption 
Like barriers, the drivers to consumption were also analysed in line with the core 
BPM constructs, which organises reinforcing factors into the same two categories. 
People who have a positive experience buying and eating fish have received 
utilitarian reinforcement. Those who hear positive things about fish from friends, 
doctors or the media, have been exposed to informational reinforcement. 
Conversely to punishers, participants more often reported informational 
reinforcement than utilitarian reinforcement, although the difference was smaller 
(Informational reinforcers n = 87, utilitarian punishers n = 59). Utilitarian, or 
experience-based reinforcers included good taste, convenience, relief from joint 
pain, success when cooking and positive experiences of recreational fishing. 
Informational, or feedback-based reinforcers mainly comprised knowledge of the 
health benefits of fish consumption. 
Many participants said that taste – a strong utilitarian reinforcer - was the single 
biggest reason for their decision to consume fish regularly. In many cases those 
participants added that the health benefits of fish consumption were more of an 
“added bonus” than a direct reason for consumption. This interaction between 
hedonistic qualities of fish and health perceptions is discussed in more detail in  
Section 6.3.1.3. 
6.3.1.3 Fish and health 
Not surprisingly, people with a specific health condition, or with particular health 
needs, reported that health factors related to fish consumption were important. 
This was true both in terms of incentives for fish consumption (such as those with 
arthritis or joint complaints), and of deterrents (in a number of cases, for women 
while pregnant). Interestingly, one health condition (elevated cholesterol) was 
cited as a consumption incentive by some participants, and as a deterrent by 
others, pointing towards inconsistent information about the nutritional 
composition of fish and seafood and the impact of their consumption. 
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For those without specific health needs there was a range of views about the 
health benefits of fish consumption, and the relative importance of these factors 
in influencing participants’ food choices. Many participants could name a number 
of specific benefits, and in most cases these named benefits aligned with those 
reported in scientific literature: for example, relief from inflammatory conditions 
and positive impact on heart health and brain function. However, many 
participants made it very clear that the health benefits of fish consumption played 
little or no role in their decision to eat fish, or the frequency with which they ate it. 
A number of participants, across several groups, stated that they ate fish solely 
because they liked it, not because of any health benefits they were aware of. For 
example: 
[Some] people eat fish because they think it’s going to be healthy for them. For 
me I eat fish just because I like it, and so I don’t think if it’s good or not good. I 
think it’s healthy but I don’t think of the content of it…it’s just because it tastes 
good. 
(University group 6, participant 4)  
When my kids were younger, but even now for me, for my husband, there 
is…the nutritious quality, but for me…[it] is the pleasure, first and foremost is 
the pleasure. If you can mix up the pleasure with the variety with the nutritious 
value - perfect! 
(University group 2, participant 2) 
We all hear about the health benefits but if you don’t like it, you aren’t going to 
eat it, you know, at the end of the day. You hear about it, but it’s not like, I’m 
eating fish because it’s so good for me, it’s lowering my cholesterol, whatever…I 
guess that doesn’t come into play very much for me. 
(University group 3, participant 3) 
It would be more taste but health benefits are just a benefit really, a nice little 
perk on the side. 
(University group 2, participant 1) 
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This attitude to health messages was also manifest among participants who ate 
relatively little fish, who did not believe that additional information, including 
health information, could influence their consumption. One participant observed: 
If I love to eat something, be it fish or something else no app or no website would 
be able to stop me if that thing is not good for me…And if I don’t like something, 
no amount of information on the apps or website will make me eat it…I used to 
get scolded, but no amount of scolding or whacking would ever make me if I 
never wanted to eat it. So that was like parents and friends, so what parents’ 
influence couldn’t do, certainly an app couldn’t. 
(University group 1, participant 1) 
In some cases participants indicated a general confusion over the role of 
supplements, and their efficacy as compared with fresh seafood. 
It’s meant to be good for the joints…and I’ve been told it’s great brain food so its 
supposed to be very good for your reflexes and things and because I come from 
the point where I don’t like eating a lot of fish I’ve come across to thinking I 
should be taking fish oil capsules instead…I’ve got a big thing about taking pills 
even though they’re vitamin pills, I know I should be having the fresh stuff…For 
arthritis and joints and things and the latest thing I’ve noticed in the shops is the 
krill oil tablets…so whether that’s different or not, I don’t know. 
(Mothers’ group, participant 3) 
While most discussion of the health impact of fish consumption was strongly 
positive, one participant mentioned the cholesterol impact of seafood as a 
consumption barrier. 
I like shellfish but I’m married to a man who has cholesterol problems so we 
don’t have shellfish very often. 
(Mothers’ group, participant 3) 
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Although many participants indicated that health was not the primary factor 
influencing their consumption decisions, many participants reported that they 
thought they should eat more fish than they actually did. When questioned about 
this, they often said that this was primarily due to expected health benefits. It is 
noteworthy that, in many cases, the same participants reported both ambivalence 
towards the health benefits of fish consumption, and a general desire to eat more 
fish because of its benefits. 
Only one participant mentioned allergies as a barrier to consumption, and only in 
the context of concerns about potential allergies for their children, rather than 
actual experience: 
My kids have never had prawns or mussels or scallops. We’ve avoided giving 
them to them…they both tend to have allergies so we’ve avoided those sorts of 
crustaceans and things.  
(University group 4, participant 1) 
6.3.1.4 Fish and children 
Mixed feelings about the health benefits of fish consumption, in terms of acting as 
a driver for consumption, did not prevent many participants reporting that they 
felt some kind of moral obligation to serve fish to their families – particularly their 
children: 
They need that, they need fish and, so yeah, I do feel an obligation. 
(Mothers’ group, participant 5) 
We do feel as though we should eat fish a few times a week. I do feel as though 
it’s a duty to do that. Whereas I don’t feel the same way with chicken or beef. 
(Mothers’ group, participant 3) 
Some studies have found that the presence of young children or teenagers has a 
negative impact on a family’s fish consumption.84, 404, 405 There did not appear to be 
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a strong trend of this kind among these focus group participants. Some reported 
that their children were happy to eat fish, while others found they needed to 
disguise fish, to call it chicken, to limit themselves to processed products like fish 
fingers, or to prepare it in a limited number a simple ways. Few participants felt 
that their children had a significant negative impact on their fish consumption. 
6.3.1.5 Early experiences with fish and seafood 
A number of participants described early experiences eating fish and seafood and 
speculated on the ways these early experiences had impacted on their later 
consumption. These early experiences were described in positive terms slightly 
more often than negative terms (positive = 9; negative n = 6). 
Positive experiences included being in a family that ate a lot of fish, belonging to a 
culture for which fish was an important staple, living near the coast, and having a 
parent who regularly fished, either recreationally or commercially. Negative 
experiences included eating unpleasant fish at a young age and being very 
mindful of bones. Some participants reported that they simply were not exposed 
to a lot of fish and seafood beyond simple preparations such as fish and chips or 
fish fingers.  
Where participants reported differences between their current home (Perth, 
Western Australia) and other cities they had lived in or visited in Australia or 
elsewhere, comparisons were generally negative. For example: 
I’ve been to Tasmania, I’ve been to NZ, Sydney, Melbourne. You have proper fish 
markets with the proper fishmonger with the proper display and the proper 
conditioning of the fresh fish. Western Australia…when you got a [fish 
section]…you’ve got to choose [from] a small section. The fish are very “sad”.  
(University group 2, participant 2) 
I come from Melbourne...It’s a lot cheaper. I used to go Saturday morning, Vic 
Market, twelve dollars or eleven dollars a kilo and get a big portion of salmon, 
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but here, you don’t get it. 
(University group 5, participant 1) 
We try and get at least two or three [serves of fish] in if we can get to the shops 
and get it, just depends…the availability in Perth is mostly the problem. When 
we were living in Sydney we had the fish market down the road…so we could 
get a lot more. 
(University group 6, participant 1) 
Conversely one participant reported that they felt availability was better in Perth 
than on the eastern seaboard. 
When I’m here in Perth, I definitely eat more fish than when I was living in 
Sydney. I think it’s the availability of the freshness for myself…Definitely more 
than on the east coast. 
(University group 6, participant 2) 
Although these experiences did not seem to have had an overly negative impact 
on their attitude to fish consumption, some of these participants said they felt it 
had reduced their likelihood of experimenting with different fish and seafood, and 
their adult tendency to eat it regularly. 
6.3.1.6 Cultural factors 
Some participants indicated a traditional, religious dynamic in their fish 
consumption behaviour. For example, 
Christmas and Easter always seafood for those and, being Catholic, during Lent. 
Fridays we don’t eat meat definitely and Ash Wednesday you don’t eat meat and 
stuff like that so certain times of the year and we have tried to like keep the 
Friday fish thing going for dinner as often as possible. 
(Mothers’ group, participant 2) 
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Others indicated that, even through they were not themselves religious, they 
tended to observe at least some of these traditions. 
It’s interesting because we, my husband is not a churchgoer at all but we’ve 
always had fish on Good Friday and I think that’s just out of respect. 
(Mothers’ group, participant 3) 
Many participants of Asian descent reported a high level of confidence cooking 
and eating fish, often referring to a selection of traditional preparations they had 
learned from their parents. In some cases where individuals had emigrated 
relatively recently to Australia, they reported having difficulty finding the species 
and ingredients necessary for those recipes. For example: 
Before I moved to Australia [I ate fish] two days a week. But when I came here, 
the types of fish, I’m not familiar with them…and I don’t think I’m brave enough 
to try, ‘cos I don’t know how are they going to taste. If I can get someone who 
can tell me where I can get fish with good taste, or even just what they are then I 
will be able to explore more, so this is a factor that actually influences how many 
times we consume fish in Australia. 
(University group 1, participant 2) 
These participants often talked about the high regard with which fish was held in 
their home countries, or the home countries of their parents. Fish was said to be 
an important staple in Asian cuisine, with a high level of recognition of its 
healthful properties.  
 [In Asia] they reckon it has more nutrition in fish, and it’s kind of our culture too 
because we are…really close to the ocean, so it kind of become our diet, we eat 
at least twice, lunch and dinner…We eat everything of fish…here is different 
you know, you have fillet and that’s it…I think it may also be to do with the big 
population we have. We have to minimize the mass, the mass usage of our 
resources. 
(University group 6, participant 5) 
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Some suggested a degree of discrimination between fish regarded as healthy and 
less healthy. 
[We eat] oily fish like salmon, they’re good. There’s a different type of fish which 
are trevally and things which are not good for the heart, they are high in 
cholesterol...In Asia we differentiate those high cholesterol fish. Good oil omega-
3 fish like salmon and cod and other very neutral fish like snapper, we 
differentiate that. So depending on whether we want to lose weight or we want 
to do this, or do that, we go according to the seafood. Like a lot of us, we stay 
away from crabs and prawns, because they are very high in cholesterol level. 
(University group 5, participant 6) 
This participant later added the opinion that, in Asian cultures, people tended to 
have greater awareness of the properties of high-quality fish. 
Because I’m raised in North Borneo and we live near the sea we are spoilt for our 
choices of seafood…we learned to choose freshness and all that at a young age. 
Lift the gills, poke the eyes, all sorts at a young age…The moment you smell it 
you know the freshness. You press your finger in, you know the freshness. So 
basically we gauge like that, I try to stay away from the fillets, because it doesn’t 
indicate, they’re all frozen. 
(University group 5, participant 6) 
A smaller number of participants were recent emigrants from continental Europe, 
or had spent significant amounts of time there. These individuals spoke of a 
market culture, and of the habit of buying cheaper, less processed products, 




6.3.1.7 Cooking fish 
There appeared to be a stark contrast between participants who felt confident 
cooking fish and those who lacked such confidence, with most participants clearly 
defining themselves one way or the other. The latter group tended to use a 
relatively small number of simple preparations, such as barbequing or grilling, 
with the use of simple seasonings such as salt, lemon and butter. Although some 
more confident individuals enjoyed experimenting with different species of fish 
and with relatively complex recipes, many tended towards similarly simple 
preparations, preferring to rely on fresh high-quality product to produce 
appetising meals. 
With fresh fish I tend to not to mix it up with a lot of stuff. I just cook fish with 
flour and enjoy it like that, because otherwise if you’re spending a lot of money 
on it I don’t really want it all mixed up with tomatoes and whatever else you 
might cook with it, because you don’t take full advantage of the nice fish. 
(University group 2, participant 3) 
I haven’t really looked up recipes for fish. I think because it [has] more subtle 
flavours you just kind of stick to the basics. I think other meats or desserts there’s 
lots more different styles for cooking obviously. I cook a lot, as in fish as well, but 
I’ve never thought [to look for] a recipe for fish. 
(University group 1, participant 5) 
Many participants reported that they felt less confident, and experienced less 
success, cooking fish than they did with meats such as beef or chicken. A common 
complaint was that there was more that could go wrong cooking fish, with even 
confident individuals reporting some degree of failure. For example: 
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Sometimes we get it wrong as far as the texture, one fish falls apart…You go to 
flip it over and it falls apart, or something is a bit thicker than you imagined so 
it’s hard to get the centre cooked…We never throw anything away but 
sometimes it goes back in the pan for a little bit more. And then some fish we 
don’t know it but there are lots of little bones in there, and that becomes an issue 
for the kids and also for me because I don’t do well with little bones getting stuck 
in my throat. 
(University group 5, participant 2) 
Just worrying about the bones when you’re doing a full fish…My kids eat 
anything, so I worry that they’re…not gonna go through it as carefully, 
and…where you just sort of panic, and especially sitting there with the 
tweezers…trying to get the bones out, just to be sure. 
(Mothers’ group, participant 4) 
6.3.1.8 Mobile device and application usage 
All participants had at least one mobile device, defined as either a smartphone or 
tablet computer. One third (n = 13) used at least one mobile application with a 
health, food or nutrition emphasis. These applications included those for fitness 
tracking (such as pedometer-based run and walk trackers), weight-management, 
recipes, food pairings, grocery shopping (for example, applications released by 
the major Australian supermarkets), restaurant recommendations, and calorie 
tracking. The most commonly mentioned application was MyFitnessPal,242 a 
weight-management tool based on calorie tracking, using a combination of 
crowdsourced and officially-released nutritional information. About one in five 
participants (n = 7) used, or had used, this application. Two participants referred 
to applications containing information about seafood sustainability. 
When asked how they found applications in this category, no clear trend 
emerged. Some participants actively searched for such applications, and chose 
which to download on the basis of positive reviews and price, while others tended 
to rely on recommendations by friends and family. 
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Participants were also asked if they used mobile devices or applications to assist 
them at any stage in the process of food shopping, planning or cooking meals. 
Again, there was no clear trend. Some participants used these technologies in 
planning meals – for example, to find recipes or prepare a shopping list. Others 
used them at point of sale, to find out more about food products, nutritional 
information, substitutes, or for price comparisons. Still others used them during 





6.4.1 BPM constructs 
An important distinction must be made between informational reinforcers (and 
punishers), as described in the BPM, and sources of information, as reported by 
focus group participants. Informational reinforcers are not so-called because they 
are related to the receipt of “information” (in the lay sense) about a purchase. In 
fact, if such information is received before a purchase, then it does not constitute 
an operant reinforcement at all, because in operant conditioning reinforcers and 
punishers always occur after the behaviour. Informational stimuli take the form of 
positive or negative feedback the consumer receives about their purchase. For 
some kinds of purchases this may take the form of prestige or other “feel good” 
factors – other people have fed back to the consumer in such a way that they feel 
they have made a good, wise, or valuable purchase. For some purchases, these 
stimuli are very easy to discern. For example, John purchases a luxury car and 
receives praise; people comment favourably about the car. The praise is directly 
linked to the specific purchase of the car, and John’s purchase is thus reinforced.354 
In the case of food purchases, specific stimuli can be difficult to determine and 
separate. Unlike one-off purchases, food is purchased regularly, and the rate at 
which certain foods or brands are purchased may vary over time. Food is 
purchased against a constantly evolving backdrop of reinforcement and 
punishment, and researchers may have difficulty connecting any given stimulus to 
a specific purchase, as it may very well occur after one purchase, but before 
another. Furthermore, the actual consumption of the food product may be 
somewhat removed from the purchase event. The primary utilitarian punisher 
(payment of money) may have taken place days or (in the case of canned or frozen 
products) weeks or months before the actual consumption of the product, and 
any antecedent stimuli. Leek et al.75 cite evidence that the factors influencing food 
consumption tend to be environmental (i.e. situational) rather than intrapersonal, 
and make the case that situational determinants are more important in food 
choices than in other consumer contexts. 
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Consider, for example, exposure to media presenting a negative image of fish and 
sustainability. If a person has recently purchased fish, or regularly does so, this 
exposure might act as an informational punisher in the sense described in the 
BPM. It does this by eliciting a feeling of guilt, and the consumer may be 
somewhat less likely to buy the fish species in question, or even fish in general, in 
future. Now consider exposure to health information – the consumer comes 
across or is shown information about the health benefits of fish consumption. The 
consumer has not directly been praised for their purchase – the health 
information is not “feedback”, in the normal sense (except in the case of, say, a 
patient telling a doctor how much of a certain food group they eat, and being told 
that they have made a good, healthy decision). The information does not relate 
directly to any specific purchase the consumer has made. However, this 
information acts as informational reinforcement in contributing to the learning 
history of the individual.  
Finally, consider the process of obtaining information about the purchase, storage 
and preparation of fish. This was discussed at length in all focus groups, with 
participants assigning differing levels of importance to such information 
gathering, reporting a range of ways to obtain this information, and expressing 
varying levels of satisfaction with the information available at the places they 
bought fish. This information sits somewhat awkwardly with notions of 
informational reinforcement, as described in the BPM. Exposure to this 
information does not constitute any kind of feedback on the consumer’s 
purchase. It is often obtained immediately before a specific purchase, rather than 
after it. The receipt of this information does not necessarily increase the likelihood 
of future consumption – this will depend on the mix of positive and aversive 
stimuli experienced after the act of consumption. In other words, a fishmonger 
telling you that crimson snapper is a tasty fish will only make you more likely to 
buy that species if you do in fact find it tasty. Either way, it is the utilitarian stimuli 
that follow consumption of the fish (e.g. good taste) that reinforce consumption, 
not the information gathered prior to its purchase.  
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However, this kind of pre-purchase information does make it more likely that 
utilitarian reinforcement will occur – by incorporating expert advice into their 
decision-making, the consumer is more likely to make choices that lead to 
reinforcement. This interaction is acknowledged in the BPM literature. Leek, 
Maddock and Foxall make the point that “what the consumer lacks in a direct 
consumption history he or she is likely to make up by seeking advice from other 
consumers, salespersons, or by sampling the product.”75 As with health 
information, it is important to consider this information gathering in constructing 
a full picture of a given consumer’s learning history. 
For the purposes of this study, items of information to which the participant was 
exposed, which actively encouraged increased fish consumption, were considered 
to be informational reinforcers. The most prevalent of these was health 
information. More general information about the use of fish was not considered to 
provide direct informational reinforcement, but rather to contribute to the greater 
picture of behavioural setting, particularly when the information was obtained at 
point of sale. 
6.4.2 Fish and health 
The discussion of matters relating to fish and health appeared to point towards a 
complex interaction between health knowledge, awareness of the health benefits 
of fish consumption, and intention to eat fish. While there was generally a high 
level of awareness of the benefits of consumption, this did not appear to directly 
link with consumption in a predictable fashion – for example, that people with 
more knowledge ate fish more often, and those with less ate it less. 
Some foods have a well-known healthy nutritional profile, yet are less desirable to 
many consumers on hedonic grounds – in other words, many people do not like 
them. These people may still choose to consume such foods, if they are readily 
available and if the health benefits are well known. What might be called the “eat 
it up, it’s good for you” effect is supported in the literature, with some studies 
suggesting that some form of cost-benefit analysis influences the decision to 
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consume less hedonically attractive foods, such as vegetables.406, 407 This decision-
making process is certainly complex, with many studies suggesting a wide range 
of influences, including health self-efficacy,408, 409 socio-economic status410 and 
geographic location.411 
Fish appears to differ somewhat as a food with well-known healthful properties, in 
that many studies have found that the majority of adult consumers report that 
they enjoy eating it.76, 103, 109, 110 Compare this to foods that are known to have a 
healthy nutritional profile, yet are less desirable for many consumers. Many 
people will choose to consume these foods, and to serve them to their families, 
largely because of the expected health benefits.412, 413 In the case of fish, it appears 
on the basis of these data to be influenced to a greater extent by other factors, 
including price, availability, and confidence (as outlined in Section 2.2). Notably, 
some studies have found families that try to adhere to fruit and vegetable intake 
recommendations also tend to report regular fish consumption.79, 414 
These findings had an important bearing on the nature of the experimental 
application being developed. Whilst reinforcing the nutritional benefits of regular 
fish consumption would certainly do no harm, the weight of evidence suggested 
that a strong focus on health (i.e., the creation of a “fish and health” application) 
would have less impact than focussing on improving the experiential (in BPM 
terms, the utilitarian) aspects of fish consumption. The importance of improving 
consumers’ experience of these non-health aspects of fish consumption has also 
been stressed in the literature. For example, an online survey of Australian 
consumers (n = 899) concluded: 
While key drivers of seafood consumption including taste, convenience, 
variety and perceived health benefits should be leveraged to strengthen 
their facilitating effects, further strategies aimed at reducing perceived risks 
and attenuating inhibitory effects, in particular for lighter consumers, 
require further investigation.101  
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The relative balance of health and non-health foci in the experimental application 
is discussed further in Section 6.4.6. 
6.4.3 Sustainability 
Some discussion of the environmental impact of commercial fishing, and resulting 
implications for consumption, was expected. This expectation was based to some 
degree on contemporaneous media attention on these issues, including debate 
on the presence of the super trawlers Margiris and Abel Tasman in Australian 
waters,415, 416 similarly controversial debate on the Australian Government’s 
proposed expansion of marine parks,417 and moves by major Australian 
supermarket chains to introduce new sustainability standards and certifications 
for stocked seafood products.418, 419 
In fact, discussion of these topics was minimal. Analysis of the transcripts revealed 
six mentions of environmental issues throughout the seven focus groups. One 
participant expressed a strong interest in the subject, describing a mobile 
application that helped to make decisions about species to purchase. Another 
mentioned some awareness of sustainability issues for salmon, towards which 
they were quite partial, but admitted that this did not prevent them eating it 
regularly. A third expressed the importance of weighing environmental concerns 
with economic issues. Other mentions were in the context of places the 
participant would look for fish information, including sustainability information. 
A few points should be made here. Firstly, the facilitator did not directly prompt 
the groups to discuss sustainability or other environmental factors. Most 
discussion of these issues occurred in response to questions about where 
participants looked for information about fish, including nutritional, health, 
environmental and sustainability information. It stands to reason that, if 
participants had been prompted more directly, there would have been greater 
discussion of these issues, and participants may have expressed a greater level of 
concern. However, the open-ended structure of the group discussions 
encouraged a flow of ideas beyond the direct questions, and there were certainly 
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instances where participants brought up topics that were not directly prompted 
by the facilitator.  
It is also important to note that participants in the study all ate some fish (with the 
exception of one participant, who nominated himself in error). While many people 
who eat no fish at all do so due to taste preferences, others do so because of a 
vegetarian diet, or due to specific concerns about fish and/or fishing.65, 73 It is 
possible that focus groups more representative of the dietary diversity in the 
general population may have had more to say on these issues.  
Danenberg and Remaud109 also reported a complex relationship between 
consumers’ environmental sensibilities and their intention to purchase fish. 
Drawing on a large Australian sample (n = 2643), they found that the majority of 
participants said they would be prepared to pay an extra 10% for certified 
sustainable seafood products. However, when shown products with a range of 
label combinations, an invented Federal Government sustainability certification 
appeared to have practically no effect on consumers’ preferences. The authors 
acknowledged that this result might be partly attributed to the fact that the 
environmental certification label was by necessity invented, and therefore not 
known to respondents. 
Sustainability is certainly an important issue for the commercial fishing and 
aquaculture industries, and one which will only become more important as the 
protein requirements of the growing Asian middle class increase.420 However 
addressing these issues in the proposed application would have added extra 
layers of complexity, necessary consultation and collaboration, and potential 
controversy; there are many definitions of the term sustainability, and many 
different criteria on which it might be judged. On the basis of both the literature 
review of consumer attitudes and the findings of these focus groups, 
environmental and sustainability information was not included in the 
experimental application. 
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6.4.4 Early experiences with fish 
Participants reported a range of early experiences with fish and seafood. On the 
whole, those who had early exposure appeared to be more likely to consume it as 
an adult, particularly where their early experiences were positive. This seemed to 
hold true even when participants said they faced challenges in consuming fish. 
One possible interpretation is that early exposure to fish and seafood may create a 
kind of resistance to later consumption barriers. That is, when faced with issues 
such as rising prices, reduced availability or perceived inconvenience, people with 
positive early experiences of fish seemed more likely to continue consumption - to 
“find a way” to eat fish. Even those with neutral early experiences were more likely 
to write fish off as a significant part of their diet or to view it as an occasional 
delicacy, or something to be eaten only when dining out. 
One participant described this theme succinctly. They had previously described 
very positive early experiences with fish, based on exposure to fish markets 
growing up in Europe, and a strong adult preference for eating fish. They then 
spoke of the difficulty of obtaining fish in Western Australia, citing high prices and 
poor quality in regular retail stores. They described their routine for obtaining 
good quality fish: rising early, driving some distance to a fish market, buying large 
amounts of semi-processed fish, and preparing and freezing that fish themself. 
They concluded with the statement: “And if you want to have, to buy fish…my 
God! You really need to say ‘I want to eat fish!’ ” 
6.4.5 Device and mobile application usage 
These discussions reflected the upward trend of mobile device usage in a wide 
range of circumstances described in Section 3.4.4. Although only a third had used 
health- or nutrition-focused mobile applications, most participants indicated a 
general openness to the concept. Only a small number of participants indicated a 
general mistrust of health-related applications, or a strong preference towards 
other means of accessing the same information (including other non-mobile 
digital sources, such as websites accessed via a desktop browser). 
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The same upward trajectory was apparent in the range of circumstances in which 
participants used mobile devices and applications. Many participants who did not 
personally use their devices while food shopping noted that they were observing 
this behaviour more and more frequently, and that it was becoming increasingly 
normal and acceptable to, for example, use a smartphone to scan barcodes in a 
supermarket. 
Whilst apparently on the increase, the role of mobile devices in the overall 
experience of planning meals, shopping for ingredients, and cooking clearly 
differed greatly from individual to individual. Some individuals used this 
technology primarily as tools to replace existing offline or paper-based solutions 
to common needs – for example, to create shopping lists or to store known 
recipes. Others used it to supplement their knowledge or skills – to obtain 
information such as recipes or storage tips, or to gain advice. 
A range of different users, and potential use-cases, is a common experience for 
mobile application developers, who must walk a fine line between 
accommodating the needs of a sufficiently large group of people to create a 
viable user base, and maintaining focus on a core set of tightly-defined features. 
These considerations are addressed in Section 6.4.6. 
6.4.6 Implications for the proposed intervention 
6.4.6.1 Application features 
One of the primary goals of this formative study was to obtain guidance for the 
development of the application to be evaluated during the trial intervention. 
Which aspects of the fish consumption experience might best be influenced by 
the introduction of a mobile application, and from what sources should 
information be obtained and presented? 
As well as deducing individuals’ needs from discussions of their consumption 
experiences, focus group participants were also asked directly about the 
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likelihood of them using an application like the one being proposed, and about 
the features they believed it should include. A summary of the functionality and 
characteristics suggested by participants is shown in Table 5. 
Table 5. Functionality suggested by focus group participants. 
 
Selection of appropriate species was an issue for many participants. Mentions of 
species, both in terms of specific species and more general observations about 
different kinds of fish and seafood, were quite evenly distributed between positive 




Assistance finding fish outlets and 
restaurants selling good quality fish 
8 
Assistance with the best ways to cook fish 
(including provision of recipes) 
8 
Assistance with selecting appropriate 
species 
3 
Assistance with understanding seasonality 
and obtaining seasonal products 
5 
Recommended serving sizes 1 
Local specials / catch of the day promotions 2 
Reminder to eat fish 1 
Current prices 4 
Daily availability 2 
Delivery services 1 
Assistance with feeding fish to children (e.g. 
child friendly recipes) 
2 
Nutritional information 1 





Localised (information relevant to the 
location of the user) 
4 
Information personalised to the user 2 
Multiple levels of information 1 
Information that is timely (e.g. daily specials 
or promotions) and/or regularly updated 
5 
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and negative sentiments (positive n = 19, negative n = 23). This suggests that 
species selection can both aid and deter continued consumption, depending on 
the success of the selection. 
Of course, selecting species appropriate to the preferences of the individual and 
their family does not guarantee a positive experience. The fish must be stored, 
prepared and served in an appropriate way, with techniques differing from 
species to species. Participants reported a wide range of experiences, positive and 
negative, and a range of ways of obtaining the necessary information and skills.  
Finding sources of high quality fish and seafood, at reasonable prices, was another 
significant issue for many participants, and one that many indicated would be 
something a mobile application could assist with. Mentions of fish outlets, 
restaurants, and other more general aspects of the fish purchase experience were 
strongly negative (negative n = 62, positive n = 31), and many participants 
indicated that they would it very difficult to find good fish without significant 
inconvenience.  For example: 
For me it is more convenience, you know you are used to going to the 
supermarket and I’ve got three kids so I’m used to pushing the trolley like that 
and so, I mean with fish, its not conveniently packed or stored so I have to go out 
of my way. I want to go out of my way but when I’m in the shops I’m just like… I 
feel like when the kids are older and I can leave them at home or something I can 
browse and select my fish. 
(University group 1, participant 2) 
A repeated theme was the perceived quality difference between products bought 
from dedicated fish shops, and those from supermarkets. 
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I find there’s a big difference. I find it depends where you buy your fish from. I 
mean, I usually shop at the supermarket and buy fish that looks delicious, fresh 
from Australia or whatever, and I just do it in a pan in the oven and I find it can 
be a big rubbery mess. And it’s completely unpalatable and in fact, no one will 
eat it. And I think damn, I should have gone to that fish shop, what have I done 
wrong, why is it like that? 
(University group 3, participant 4) 
6.4.6.2 Core purpose 
As with any mobile application, or indeed any software, it was important to be 
very clear at the outset about the core purpose of the application being 
developed. How would a user perceive the application; in what way would its 
main purpose be expressed? The application could have been designed and 
communicated primarily as a “fish and health application”, intended to help users 
improve their health by eating fish regularly. Such an application would give 
prominent placement to health and nutritional information. On the basis of these 
focus groups, and of the literature described in Section 2.2, the decision was made 
to position the experimental application primarily as a service to help users to 
have a better experience finding, purchasing, cooking and eating fish. In other 
words, to improve the experiential, hedonistic aspects of the fish consumption 
experience: finding recommended fish outlets, choosing appropriate species and 
preparing them in an appropriate way. 
In BPM terms, this meant that the application would focus predominantly on 
increasing utilitarian reinforcement and decreasing utilitarian punishment, rather 
than attempting to change the balance of informational reinforcement the 
individuals were receiving. Rather than primarily trying to persuade people that 
they should eat fish because it was good for them, the application would try to 
improve people’s experiences, to increase the likelihood of continued 
consumption. This is not to say that health information would be absent from the 
application; it would simply not be the primarily focus. 
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Only one participant stated that she believed such an application should include 
information about the health benefits of fish consumption, and even in that case, 
the participant did not believe the information would be of personal benefit: 
I think an app like that would be useful for people who had specific dietary 
requirements and it could explain a bit more about the health benefits because I 
don’t think personally I would find an app like that useful. Maybe having an 
Asian background, I think I have enough fish dishes and recipes. But I think in 
Australia, most people do eat fish and chicken and if they go for fish there would 
be a reason like a health reason, or maybe, not being a big red meat eater. 
(University group 3, participant 5) 
It was also important to consider the sources of information being presented. 
Participants were generally amenable to the idea of receiving information from a 
range of sources, including retail outlets, the seafood industry and other 
consumers, but many stated that the level of trust they afforded to different 
information sources depended largely on the kind of information being sought. 
For example: 
[For] information [about] health benefits I’ll get from…the university website. If 
that is readily accessible… that’s fine but in terms of the regulations of fish 
industry, I would trust more government agencies. But in terms of how I go 
about cooking it, I trust my friends or other consumers or rather if I’m checking a 
certain shop, like how they store their product and so on, I’ll trust maybe other 
consumers. 
(University group 1, participant 3) 
As discussed in Section 3.5 social information gathering (sometimes called 
crowdsourcing) is an increasingly effective and trusted means of gathering 
information, particularly consumer information. Discussions of this subject 
appeared to offer support for crowdsourcing at least some of the information 
presented in the experimental application, although not information related 
directly to health and nutrition. 
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One of the final questions asked of participants was whether, on balance, they 
would consider using a mobile application to assist with consuming fish regularly. 
Nine participants unequivocally stated that they would do so. A further five added 
the caveat that they would only do so if it were available for free, in which case 
there was “nothing to lose” – they could easily delete it if it did not provide the 
information they were looking for. Five participants said that they would have no 
interest in in using such an application; they felt they already knew enough about 
fish, or had no strong desire to increase their consumption. In all, 32 of the 37 
participants said that they would either certainly use the application, or would 
consider doing so if contained features they thought would be useful, and if it was 






7.0   Development of the experimental application 
7.1 Introduction 
Software development shares many characteristics with intervention design. 
Neither is a deterministic activity; each begins with an end goal and applies 
human intelligence, experience and creativity towards achieving that goal. In both 
cases there is no single approach to tackling a given problem and, critically, no 
guarantee of a successful outcome. 
This makes scientific description of software development difficult. When 
reporting on a study it is important to do so in a way that facilitates replication of 
that study. Study design is broken down into steps that can be followed by other 
researchers wishing to verify results or make changes to test some other variable. 
These later researchers should not need to have the same experience or 
background as the original researchers, or to go through the same creative 
process, just as we do not need to be culinary experts to follow a recipe. The 
creative work has been done; following the recipe closely should produce the 
same results (or not, in which case the original findings might be questioned). 
When the centrepiece of a study is a complex software application, custom-made 
for that study, exact replication may be very difficult. Even a highly detailed 
description of the design of that application may not guarantee the same output. 
Difficulties notwithstanding, it is important to outline the design and 
development of the experimental application used in this study. This chapter will 
focus on the following aspects of the application development process: 
• user features - what the application did 
• database - how the application stored data, both content and user information 
• research data collection functions 
• key design decisions. 
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7.2 Objectives 
The primary objective of the development phase of this study was to use the 
findings of the focus group study described in Chapter 6, and of the review of fish 
consumer literature outlined in Section 2.2, to construct an application aimed at 
increasing fish consumption. The experimental application was aimed at 
addressing the themes identified in this formative research. Specifically, it was 
designed to: 
• assist users in identifying appropriate species for different purposes 
• increase positive experiences of fish selection and consumption and reduce 
negative experiences 
• share information about the locations where users purchased good quality fish 
• provide information about the health benefits of fish consumption 
• provide feedback on fish consumption, and the contribution that 
consumption might be making to the participant’s health. 
As discussed in Section 6.4.5, the focus groups were also intended to gauge 
participants’ mobile device and application usage, and to test assumptions about 
the efficacy of using a mobile application to address barriers to fish consumption. 
While not all participants indicated an interest in such an application, many did, 
and participant feedback was used to tailor the feature set that was moved into 
the development phase. 
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7.3 Development and design 
The Pier 2 Peer application was designed and built by the author, who has 
experience both as a graphic designer and mobile application developer. 
Compared with outsourcing to contractors, this approach provided many 
advantages, besides the obvious financial one. Full control of the development 
process was retained, making it possible for the application to evolve over time in 
a way that would not have been possible had development been outsourced. 
Substantial changes could be made in response to testing and early user 
feedback; in an outsourcing situation such changes would have been prohibitively 
expensive. 
Most importantly the feature set could be determined with full knowledge of the 
time and complexity costs of various desired functions. This is a common problem 
experienced when outsourcing software development: it is necessary to clearly 
explain the required features to the developers, and for the developers to clearly 
explain everything that is required to implement those features. This 
communication does not always happen effectively, leading to problems once the 
application moves into production. 
Although the application was designed and built by a single person, it was not 
constructed in isolation. The author consulted with a number of developers, 
designers and health professionals throughout the development process, and 
made a number of changes in response to feedback. Notably, the database 
structure and analytics system (described in Section 7.5) were designed after 
extensive consultation with experienced developers who had built applications 
with similar requirements. 
Before being used in the exploratory trial, the application was provided to a group 
of eight beta testers, including both developers and non-technical people. This 
group identified a number of issues, all of which were addressed before the trial. 
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7.4 Platform and tools 
Pier 2 Peer was developed for mobile devices using the iOS operating system – 
iPhone, iPad and iPod Touch devices. Developing for a single operating system 
allowed a degree of control over potential confounding variables; the more 
operating systems catered for, the greater the potential for variability in 
experience from one user to another. This decision also reduced the time required 
to build, test and deploy the application. 
 
Pier 2 Peer was a native mobile application, written in the Objective-C 
programming language, using the Xcode integrated development environment. 
Native development was chosen over a number of alternative methodologies; to 
understand this decision and its implications, some explanation of these options is 
necessary. 
7.4.1 The development methodologies spectrum 
As discussed briefly in Section 3.3.4 the term native refers to applications built for 
a specific operating system – for example iOS, Android or Windows. Each of these 
operating systems requires that native applications be built using a particular 
programming language - Objective-C or Swift for iOS, Java for Android, and 
typically C++ or C# for Windows. 
 
They also provide a set of protocols for accessing the various interface objects, 
functions, utilities, aerials and sensors of modern mobile devices. These are known 
as application programming interfaces (APIs), and they give developers access to 
extensive frameworks and tools that are written by the platform curators, 
specifically for that platform. APIs enable developers to build applications that can 
directly access device features such as cameras, global positioning system (GPS) 
features, accelerometers (sensors that detect which way the device is being held), 
and microphones. Non-native applications may be able to access some of these 
features, such as the camera or user location, but they do so using non-optimal 
methods. 
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Native applications are distributed directly by the companies that manage the 
operating systems, such as Apple, Google and Microsoft, via application stores on 
the device, or on desktop computers. Upgrades and bug fixes are also managed in 
this way. Developers who wish to modify their applications must do so via a 
submission to the relevant application store, and wait some length of time for 
approval. 
Native applications can be seen as one end of a spectrum of development 
methodologies. At the other end of the spectrum are non-native web 
applications, designed to work across many devices and operating systems. They 
use common languages that are accessible on all devices, including HyperText 
Markup Language (HTML) and Javascript, languages long-used for general web 
development. These applications are essentially websites that have been 
optimised for smaller screens although optimisation is a challenge when the 
developer is trying to support literally hundreds of different devices, all with 
different screen sizes, resolutions, central processing units (CPUs) and graphics 
processing units (GPUs). Users are given a web address, just as they would for a 
standard website, and navigate to it using the browser on their device. The 
operating system and device manufactures have no control over content or 
functionality of these applications – developers may make changes at any time, 
with immediate effect. 
7.4.2 Advantages of native development 
The main advantage of native applications is that they are built according to a set 
of specifications provided by the operating system manufacturer. These 
manufacturers provide vast libraries of code that can be used by developers, and 
this helps to ensure some level of consistency across applications. Buttons, 
indicators, item choosers and navigation structures all work consistently from 
application to application, because they are using the same code base, developed 
by the stewards of the platform, and refined over time. In contrast, an interface 
object in a web application may have been designed and programmed by 
anyone, and will vary greatly between applications. 
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As a simple example, a developer may require a button that when tapped, 
executes a software function. While this may seem like a trivial matter, a 
significant amount of code is required to achieve this. The button must be drawn 
on screen, in a given location, and the location may be dynamic, depending on 
the size or orientation of the device. It may have a particular visual style, 
comprising colours, gradients, lighting effects, images and typefaces. It must be 
capable of detecting taps that occur inside its bounds, and perhaps identifying 
different kinds of tap (for example, multiple sequential taps, or taps which begin 
inside the button’s bounds, and end outside of them). Finally, it must be capable 
of communicating the fact that it was tapped to the wider system, along with any 
other relevant data (for example, the type of tap, or the identity of the button 
itself, to differentiate itself from other buttons performing similar but non-
identical functions). In a native application, a developer need not create such a 
button from scratch, implementing all of this functionality. She may use an 
existing framework, built by the operating system developers. Beyond the time 
saving implications, this also provides a level of consistency between first party 
and third party applications. First party applications are those built by the 
operating system developers, providing essential functionality such as telephone 
dialling, messaging, music and video playback, and access to device settings. 
Third party applications are those built by any other developers. 
The consequences of these factors should not be underestimated. As discussed in 
Section 3.4.4, mobile devices have deeply penetrated the daily lives of many 
individuals. Many people use such devices regularly through the day, for all 
manner of tasks, and as a consequence the interface of the device itself has 
become very familiar to users. In short, users expect applications to behave in 
particular ways, and there is an immediate disconnect when they do not. For 
example, many native mobile applications use a standard navigation structure to 
move from one screen to another. The device animates smoothly between the 
views and, because the content is usually embedded in the application, it appears 
almost instantaneously. Furthermore, the device presents various standard 
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controls for navigating backwards and forwards through content. Users recognize 
these controls, and know what to expect when they tap them. 
The means of loading content creates another advantage of native development – 
all things being equal, a native application will consume far less data than a non-
native, web-based equivalent. This is not to say that native applications consume 
no data – most modern applications, no matter how they are built, will have some 
function that requires access to the Internet. The critical difference is that, in a web 
application, everything seen on screen has been downloaded after launch. By 
contrast a native application will include a great deal, and in some cases all, of the 
data it needs to function at the time it is first downloaded from the distributor. 
Some distributors place an arbitrary limit on the size an application can be, if it is 
to be downloaded over a cellular connection; large applications can only be 
downloaded over a WI-FI connection. This prevents an application from 
consuming an unduly large amount of a user’s cellular data allowance at the time 
it is first downloaded. There are no such safeguards with web applications, and 
this can impact on both performance and cost to the user. It should be noted, 
however, that experienced developers will attempt to design web applications 
with this in mind, and it is possible to develop efficient, fast, data-economic web 
applications. 
Another consequence of the contrasting ways that native and web applications 
use data is that with most native applications it is possible to use some, most, or 
even all of the application’s functionality without an Internet connection. The 
application’s content and programming code are contained in the application 
when it is first downloaded. It may also be programmed to detect the presence or 
absence of an Internet connection, and modify itself accordingly. If there are parts 
of the application that require a connection, but the user is currently offline, it may 
hide or modify those functions, or present the user with a notification that they 
need to be online to use that part of the application. No such niceties exist for web 
applications; they simply will not work. 
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Specifically, building Pier 2 Peer as a native application enabled the following 
advantages: 
• User data could be synchronised with the remote database at any time. If the 
user’s device did not have an Internet connection at a given time, the data 
could be stored on the device until a connection was re-established (see 
Section 7.5). 
• High quality images of fish species could be included with the application, and 
did not need to be downloaded on demand. This reduced on-going data 
consumption by the application, and sped up navigation considerably. 
• Mapping and location functionality could be provided using the Apple Maps 
API (see Section 7.7.2). 
• The application was able to access the device’s camera, which was used in the 
diary tool for data collection (see Section 7.7.4). 
• Despite being a relatively complex application, it could operate quickly and 
intuitively, using interface idioms that would be immediately familiar to users 
of iOS applications. 
7.4.3 Other tools 
Mock-ups of the application interface, and finished visual assets, were created 
using Adobe Creative Suite software – primarily Photoshop, Illustrator and InDesign. 
A database of fish and seafood species commercially available in Australia was 
created using Filemaker Pro, a relational database application. Species were 
primarily taken from the Codes for Australian Aquatic Biota (CAAG) database,421 
maintained by the Australian Commonwealth Scientific and Industrial Research 
Organisation (CSIRO), with the addition of a number of common imported 
species. The final list comprised 208 species of fish and seafood; these are listed in 
full in Appendix 2.  Data on the characteristics of each species were compiled from 
two authoritative sources: the Australian Seafood Users’ Manual422 and the 
Nutrient Tables for Use in Australia (NUTTAB) 2010 database.423 An entry from this 
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database is shown in Figure 14. The application was deployed to beta testers 
using TestFlight,424 a testing service for mobile applications. 
 
Figure 14. Species database entry. 
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7.5 Remote server 
7.5.1 Server platform 
A remote server, or backend, was required to serve data for the application, 
manage user profiles, and collect user-generated data. This database was created 
and managed using Parse. Parse is a mobile backend as a service (BaaS), which 
means it offers a framework for developers to create remote databases for their 
mobile applications, without needing to handle complex backend code. Classes, 
or database tables, were created for the following data types: 
• users 
• species 
• facts (items of information about each species) 
• species contributions (ratings and comments submitted by users) 
• meals (serves of seafood consumed and recorded by users) 
• outlets (user-recommended fish retailers) 
• log events (for tracking user behaviour) 
A database table from the Parse backend is displayed in Figure 15. 
 
Figure 15. Parse database table for seafood outlets. 
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7.5.2 Data synchronisation methodology 
Data synchronisation between a mobile application on a device and a remote 
server is a complex undertaking. There are a number of philosophies and 
methodologies, each with advantages and disadvantages in important areas such 
as speed, data consumption, server conservation, error handling and conflict 
resolution (i.e., the way in which a data model handles and merges conflicting 
data from two locations). Developers must prioritise these and other concerns in 
selecting a synchronisation methodology that is appropriate for a given 
application. 
To understand this, consider two hypothetical applications. Application A is a 
news feed service. Upon opening the application, the user is shown an activity 
indicator (spinner) while the software establishes a connection with a remote 
server, fetches new news items, and then displays them to the user. The 
application also allows users to add comments on news items. Upon writing a 
comment and tapping “submit”, the user is shown another spinner while the 
comment is pushed to the remote server. Once the data is successfully 
transmitted, the spinner is removed, the user is shown a message indicating that 
their comment was submitted, and can immediately see her comment displayed 
among the others. 
Application B shows user ratings for movies. Each time the user selects a movie 
the latest rating is pulled from the server and cached (saved) on the device. If the 
user looks at that movie at a later time, the application immediately shows the 
cached rating, without needing to display a spinner to the user. At the same time, 
it queries the server for the latest data and updates the display if necessary. If the 
user submits a movie rating, no spinner is shown; the rating is added to a queue 
for uploading and, when successful, it updates the remote data accordingly. 
Application A has prioritised up-to-date data and user feedback, over a fast, 
immediate user experience. The user of this application may often be presented 
with an activity indicator and a delay while the application downloads or uploads 
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data but, in return, they always know that they are viewing up-to-date data, and 
that the things they have taken time to write have been successfully transmitted. 
In contrast, application B seldom interrupts its users, but does not guarantee that 
the current rating being shown for a movie reflects an up-to-the-minute value. 
Perhaps a number of recent negative reviews have pushed the rating from 90% 
down to 89%? Furthermore, the user never explicitly knows when her own review 
has been factored into the overall public rating. 
The decision between these two approaches, or any number of variations, will 
depend largely on the goals for the application and the type of data being 
handled. For some data types it is of utmost importance that the latest data be 
shown at all times – a stock price application, for example. In other cases it may be 
perfectly acceptable to temporarily show older downloaded data, if it allows a 
better user experience. This is equally true for uploaded data. In some cases it is 
very important to confirm to a user that their data has been successfully 
transmitted. For example, if a user changes their password, they need to know if 
the change has been made, so they can begin using the correct password. It 
would be inappropriate to hold that change for completion at some 
indeterminate future time. Likewise, if the data being transmitted is particularly 
important or hard to replicate (for example, a lengthy note), the user will need to 
know that it has been saved. In contrast, data like a movie review may not be time 
critical. 
In the case of the Pier 2 Peer application, priority was given to creating an 
application experience that would be fast and responsive for the user, avoiding 
delays and interruptions wherever possible. To this end, the full remote database 
was replicated on the user’s device and synchronised each time the application 
was launched. When users entered data – for example, when they rated a species 
(see Section 7.7.1) or recommended a fish outlet (see Section 7.7.2) – this data was 
sent to a transmission queue, an approach known as save eventually. In most cases 
this data would be transmitted to the server within seconds, and therefore be 
virtually immediately available to other application users. However, if the 
synchronization engine did not detect a network connection or if the upload 
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failed for some other reason, it would back off and try again at a later time. The 
user interface was not blocked, creating an impression for the user that the data 
had been submitted instantaneously. This was appropriate due to the nature of 
the data; it was not essential that the user be aware of the precise moment at 
which, say, their recommendation of a fish outlet had been made available to 
other users, and it was not critical if a user viewed a fish outlet as having been 
recommended by three other users, when in fact a fourth had recommended it 
seconds or minutes earlier. 
This synchronization methodology is referred to by the term eventually consistent; 
at any given time a data point may be different on the remote server than on one 
or more clients (i.e., instances of an application on a device), but inconsistencies 
are resolved over time according to defined rules for merging. This methodology 
is common in applications where the data is not highly sensitive, arduous to enter, 
or time sensitive, and is even used in some instances where this is not the case, in 
order to improve responsiveness and assist with scalability.425 
This synchronisation methodology, as applied to the Pier 2 Peer application, is 
shown diagrammatically in Figure 16. 
 
Figure 16. The data synchronisation model used in the Pier 2 Peer application. 
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7.6 Design 
In application development the term “design” has a number of meanings. It can 
refer to the development methodology (as discussed in Section 7.4.1), to the 
features and interface of the application (what the application does, discussed in 
Section 7.7), or to the visual styling of an application – what it looks like. This 
section discusses design in the latter sense; design here means graphic design. 
As noted in Section 7.1, replication of studies involving application or web 
development can be problematic. Design can be a significant confounder, as it is a 
critical component of successful applications, yet it is largely subjective. A 
particular design might be effective and appropriate for one application, yet be 
entirely inappropriate for another. Furthermore design trends change 
considerably over time – what was considered a well-designed application would 
likely appear dated and unfashionable just five years later, if it were not updated. 
A significant change in design trends occurred during the period in which Pier 2 
Peer was developed, with application designers and users growing to prefer flat 
interfaces and design motifs, stripped of unnecessary ornamentation such as 
textures and faux lighting effects. This ornamentation had been a feature of 
mobile application design since the beginning of the modern smartphone era, 
when adding three-dimensional lighting effects to buttons, icons and other 
interface objects was thought to enhance obviousness and usability, as users 
became familiar with new touch-based interfaces. 
The move towards flatter interface design was a gradual one, heralded by small 
visual tweaks in mobile operating systems, by the work of innovative third-party 
designers creating increasingly distinct application interfaces, and by more 
dramatic system-wide overhauls, such as those made in Microsoft’s Windows 8 
operating system. One of the more significant milestones in this process was the 
release of the seventh major revision of Apple’s mobile operating system, iOS 7, in 
September 2013. This update represented a complete visual overhaul of the 
operating system, with an emphasis on simplified interfaces, flat iconography and 
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stark visual styling. Example screenshots from first-party Apple applications are 
shown in Figure 17. 
      
     
Figure 17. Screenshots from first-party iOS Applications showing common design 
idioms from iOS 6 (left) and flatter, less-ornamented interfaces in iOS 7+ (right). 
Apple’s operating system revisions are typically met with industry-leading rates of 
customer uptake, and iOS 7 was no exception: within three months of its release, 
the system was estimated to have been installed on three quarters of all active iOS 
devices.426 The revision was not without critics, however, with many users, 
 181 
developers and industry analysts believing that it sacrificed usability for the sake 
of trendy design.427, 428 Criticisms notwithstanding, most third party developers 
were quick to adopt iOS 7 design motifs in their own applications. 
iOS 7 and its radically different design language presented a conundrum, with its 
arrival occurring approximately halfway through the development cycle of the 
experimental application. Pier 2 Peer had been initially designed in line with the 
design language of iOS 6. Should the new interface trends be adopted, bringing 
with them potential usability issues, or should the original design and interface be 
retained, at the risk of the application appearing dated and unappealing? This was 
not a trivial decision to make. Application designers walk a fine line between 
usability and visual appeal, and users have quickly come to expect a very high 
standard of both. In order for users to have their fish consumption behaviour 
influenced by their use of the application, they would need to want to use it, and 
their desire to use the application would be determined by many factors, 
including its content, usability and visual appeal. This was a clear message from 
participants in this study’s focus groups, as discussed in Section 6.4.6. 
A compromise was sought. The application was redesigned with flatter 
iconography and interface objects, but some of the more controversial aspects of 
the iOS 7 interface were avoided. For example, iOS 7 introduced the concept of 
borderless buttons. All earlier versions on the operating system used clearly 
demarcated buttons, with three-dimensional lighting effects such as bevelling 
and drop shadows. iOS 7 introduced a new “text-only” button style, with 
developers encouraged to use colour to designate tappable interface elements. 
This was possibly the most controversial of all the changes, with critics 
complaining it made tappable buttons difficult to distinguish from non-tappable 
text labels. The difference between button styles is shown in Figure 18. 
     
Figure 18. Navigation bars in iOS 6 (left) and iOS 7 (right). 
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For Pier 2 Peer, most buttons retained outlines and subtle three-dimensional 
effects. However the application was largely stripped of unnecessary textures, 
glosses, gradients and other lighting effects. Examples of the changes made to the 
application interface are shown in Figure 19. 
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Figure 19. Screenshots and icons showing the design transition from iOS 6 (left) 
to iOS 7+ (right). Note the removal of textures, gloss and lighting effects, such as 




The experimental application comprised five sections: 
1. a species guide containing both expert and crowdsourced content 
2. a crowdsourced guide to outlets, such as fishmongers, markets and 
restaurants, selling good quality fish 
3. a guide to the health benefits of fish consumption 
4. a tool for recording fish consumption and providing health feedback to 
the user 
5. a section in which users could manage their information. 
7.7.1 Species guide 
One barrier to fish consumption noted in the literature is the lack of confidence 
selecting appropriate species.80, 83, 110 This was also apparent from the experiences 
reported by focus group participants during the formative phase of this study (see 
Section 6.3.1.1). The Pier 2 Peer species guide was intended to address this 
knowledge gap by facilitating the transfer of knowledge from people who were 
confident selecting and cooking fish, to those who needed additional help. Peer 
to peer knowledge transfer (and therein lies the pun of the application’s name) 
can be an effective means of disseminating information.429-431 The term 
crowdsourcing refers to a process whereby “an organization communicates a 
problem or challenge to participants in an online community [and] members of 
this community then provide solutions to the problem, which the crowdsourcing 
organization processes and consolidates into a unified product.”429 The ideas, 
opinions or experiences of a group of people are solicited, organised and 
analysed, and may be provided back to the group for collective use. 
7.7.1.1 Species detail view 
The main screen, or “detail view”, of the species guide tab was a dual-purpose 
interface element that allowed users to either view crowdsourced information 
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about a chosen species (by tapping the “Others think” button) or to make their 
own contribution to this information (by tapping the “I think” button). These 
screens are shown in Figure 20. When making a contribution, users could enter 
any or all of the following information on a per species basis (users were not 
required to complete all fields): 
• taste, versatility and value (each ranked from 0 – 5, in increments of 0.5) 
• mildness (ranked on a continuous slider from “mild” to “strong”) 
• firmness (ranked on a continuous slider from “flaky” to “firm”) 
• good cooking methods (one or more of bake, deep fry, grill/BBQ, poach, raw, 
shallow fry, smoke and steam) 
• a comment. 
 
Entries were automatically uploaded to the remote server and used to update the 
data stored against each species. For example, if a user provided a “versatility” 
rating for Atlantic salmon, this rating would be averaged with all other users’ 
ratings for that species. User comments were moderated for inappropriate 
content, requiring manual approval by the administrator before appearing for 
other users. During the study no submitted comments were deemed 
inappropriate. 
 
These averaged ratings were displayed when users tapped the “Others think” 
button. In this way, users could see how other users had rated various species of 




         
 
Figure 20. Species guide “Others think” section (for viewing community ratings 
and comments) and “I think” section (for submitting ratings and comments). 
 
Any application that relies on crowdsourced information has an immediate 
problem in engaging its first users – that information does not yet exist. It was 
considered important for study participants to experience the application as it 
would appear once established, with at least some user-generated content. For 
the purposes of the study, a number of dummy user accounts were created, and 
species comments were added from these accounts. In order to provide a realistic 
approximation of a real community, these comments included both positive and 
negative content. Dummy comments were sourced from a range of individuals 
with different levels of experience and confidence with fish; examples of this 
dummy content are shown in Figure 21.  
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Figure 21. Species guide dummy comments. 
 
 
In addition to comments, this screen also showed a selection of cooking tips and 
species facts, including alternative names, similar species and seasonality. Content 
was sourced from the Australian Seafood Users’ Manual422 and a number of 
Australian cooking books.432-434 
 
This main screen also allowed users to mark a species as a favourite and to view 
images of the selected species (whole and, where appropriate, as a fillet, steak or 
cutlet). Images were sourced from the Atlas of Living Australia,435 which includes 
images from the CSIRO Australian National Fish Collection, made available under a 
Creative Commons license. 
7.7.1.2 Species guide navigation  
The species guide used a navigation controller structure. This is a common iOS 
application design pattern, where screens of content (known as views) are 
“pushed” onto a stack, and users can move backwards and forwards through the 
stack using navigation buttons in a toolbar at the top of the screen. Users began 
by choosing from a list of categories – all species, all fish, all seafood, or favourites 
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– and were then shown a second view containing a list of species filtered 
according to their selection. A search bar enabled the user to find specific species 
on this list by name. Selecting a species from this list took the user to the detail 
view described above. The navigation structure is illustrated in Figure 22. 
 
         
 
Figure 22. The species guide navigation structure: category view (left), list view 
(centre) and search feature (right). 
7.7.1.3 Species recommendations 
An additional layer of filtering was provided via a “recommendations” feature. The 
user could define a set of preferences, and then be shown a filtered list of species, 
ordered by how closely they matched those preferences (according to the 
accumulated crowdsourced data). Preference options were: 
 
• species type (fish, seafood or both) 
• fillet or whole 
• mildness 
• firmness 
• cooking method 
• budget (from “value” to “premium”). 
 189 
 
A toggle also allowed the user to select whether they were “feeling adventurous” 
– whether the search should include all species, or only those commonly available. 
These preference options are illustrated in Figure 23. 
 
         
 
Figure 23. Configurable options for the species recommendations feature. 
The filtering algorithm required a fine balance between showing species that 
were a good match for the preferences entered, and showing enough species to 
be useful. Overly strict preference matching might result in the user only being 
shown a small number of species, none of which might be available for them to 
purchase. Overly permissive matching would show a much larger list of 
candidates, many of which might not be especially suitable for what the user had 
in mind. 
 
The matching algorithm worked by successively iterating over the full list of 
species, for each of the defined parameters. For binary parameters such as species 
type, where a given species could either be fish or seafood, and therefore could 
either be correct or not, species were filtered either in or out. For continuous 
parameters such as mildness, a score was assigned to each species, based on how 
close the species’ community-aggregated score was to the user’s defined 
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parameter. These scores were added together and all remaining species were 
then ordered by score (the lower the score, the closer the match to the user’s 
preferences). 
 
An early prototype of this feature set two cut-off scores. Species with a very low 
aggregate score were deemed “close matches”; those with a slightly higher score 
were deemed “reasonable matches”. These were then shown in a second screen, 
in two sections. However, feedback from early beta testers indicated that certain 
combinations of preferences produced few close matches, and the user was given 
no feedback as to how close each match was to their preferences. 
 
In response to this feedback an alterative interface was designed, which ordered 
species by score, then presented them in a table with a set of incremental bars 
(similar to a cellular signal indicator) to indicate the closeness of the match. This 
put the decision in the hands of the user: they could scroll down the list, find 
available species, and make their own judgment about how close was close 
enough. Both iterations of this feature are shown in Figure 24. 
 
     
 




7.7.2 Fish finder 
Availability and quality of fish was another barrier to consumption reported in the 
literature65, 80, 104 and echoed by focus group participants (see Section 6.4.4). Some 
participants reported that the fish sold in the supermarkets where they did their 
grocery shopping was of poor quality, but that specialty outlets were unsuitable 
for them for a number of reasons. They were either too far away, were 
inconvenient in other ways (for example, they did not sell fish in formats that 
suited them), or they simply did not know of the location of such outlets. Some 
participants reported that, even in such specialty outlets, the product quality was 
mixed. 
 
Pier 2 Peer sought to provide assistance for individuals who found it difficult to 
find high quality fish. As with the species guide, the application used 
crowdsourced data – in this case, recommendations of outlets where users had 
found good quality fish. One of the features of the Web 2.0 paradigm (see Section 
3.5.1) is the prominence of community ratings and reviews which are built into 
many web services including those for shopping (e.g. Amazon and eBay) and 
software delivery (e.g. the App Store and Google Play). Indeed, entire businesses 
have been built around providing platforms for such community review, including 
TripAdvisor, Urban Spoon and Air BnB, which have very quickly grown in 
importance in their respective fields of travel, dining and accommodation. 
7.7.2.1 Fish finder structure  
The “Fish finder” tab of the experimental application served two purposes: to 
allow users to view the details of outlets that had been recommended by other 
users, and to make their own recommendations. The main screen consisted of a 
map view, powered by Apple’s MapKit API. This view showed markers (known as 
map annotations) showing the location of outlets that had been recommended 
by other users. Tapping an annotation showed a callout containing the name and 
address of the outlet. Tapping the action button at the right of the callout 
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presented a detail view containing full information about the selected outlet, 
including: 
 
• full name 
• full address 
• a satellite map showing the location of the outlet, with nearby street names 
and landmarks overlaid 
• a ‘phone’ button which, when tapped, initiated a phone call to the outlet 
• a “visit website” button which, when tapped, took the user to the outlet’s 
website. This button was only shown when the outlet had a public website. 
 
This view also showed the number of users who had recommended the displayed 
outlet, and allowed users to recommend it themselves. 
 
The fish finder tab also contained a mechanism for users to submit new 
recommendations - outlets that had not previously been recommended by other 
users. Users accessed this feature by tapping a button titled “I found good fish”, 
which presented a view for inputting information about the outlet. Users were 
required to enter the name of the outlet and to either manually enter the outlet’s 
address, or tap a button titled “I’m there now”. In the later case, Pier 2 Peer 
accessed the user’s location using their device’s GPS sensor and used this as the 
outlet location. 
 
Screenshots of the Fish Finder tab are shown in Figure 25. 
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Figure 25. Fish finder tab: map view (left), outlet detail view (centre) and 
submission view (right). 
In a production application (that is, one that is released for public use), a function 
like this would usually be fully automated. A user would submit data about an 
outlet, then the server would validate the name and location by comparing it with 
information with a database of places, and make the new outlet immediately 
available for other users. This automation requires access to large, regularly 
maintained database of places with a suitable API for mobile applications to 
access. One such database is Google Places, an API which can be used to provide 
retail place names and contact information for a given geolocation, or vice versa. 
 
In this case, it was considered that this approach would add unnecessary 
complication to the application, both in terms of development, and burden on the 
user. Use of the Google Places API would require further validation steps on the 
part of the user (“Did you mean this place…?”). In order to reduce complexity, 
improve accuracy of locations, and avoid possible duplication of outlets, user 
submissions during the study were handled manually. Upon receiving a new 
outlet submission, the administrator conducted a search for the outlet by the 
provided name, obtained accurate geolocation and contact information, checked 
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that the outlet wasn’t already in the application database, and then manually 
entered it. 
 
As with species ratings, it was considered important for study participants to use 
the application in broadly realistic circumstances, where it already contained 
recommended outlets. To simulate this, outlets in major Australian cities were 
added on the basis of positive reviews from the Yelp local business review 
service.436 
7.7.3 Health 
The literature, like the formative research conducted in this study, is mixed about 
the potential for health information to impact on fish consumption. As noted in 
Section 2.2.6, most individuals are already aware of the healthful properties of fish, 
even if they are not aware of specific health benefits, or of optimal levels of 
consumption. Some researchers believe that a focus on the health benefits of fish 
consumption is not effective in increasing consumption – that it is more 
productive to focus on hedonic aspects such as quality and taste, and to improve 
people’s experiences at the time of purchase and consumption.68, 85, 100 As Brunso 
et al. piquantly put it, “Taste of food has always been of high importance to most 
consumers – food is a matter of pleasure, and few people eat things they do not 
like the taste of.”71 However, others have found evidence of a positive relationship 
between health involvement and seafood consumption.83  
 
Participants in the focus group component of this study appeared to have mixed 
thoughts on the subject of fish consumption and health (see Section 6.3.1.3). This 
exploratory trial provided an opportunity to examine these ideas. Would users 
spend time reading about the health benefits of fish consumption? If so, would 
this have an impact on their consumption?  
 
The third tab in the Pier 2 Peer application contained seven articles about the 
health benefits of fish consumption. These articles were: 
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• The super food: a general article about the nutrients found in fish and 
seafood 
• Omega-3s: an article about the benefits of omega-3 consumption, 
recommended intake, and a comparison of marine, whole-food sourced 
omega-3 and those from supplements or fortified food 
• Arthritis 
• Heart health: an article referencing cardiovascular disease, coronary mortality 
and blood pressure 
• Diabetes 
• Cancer 
• The best start: an article about health benefits for expecting mothers and 
their babies, including a mention of contaminants and safe eating guidelines 
from Food Standards Australia New Zealand64 
 
These articles were based on research conducted by the Centre of Excellence for 
Science, Seafood and Health, and specifically on a number of consumer resources 
produced by that organisation, including the “Seafood and your health” series437 
and commercial point-of-sale fliers.438 The articles were written in a brief (100-250 
words), conversational style. 
 
During the focus groups, it was clear that people wanted to know where this kind 
of information had been sourced, in order to judge its value. In line with this 
feedback each article carried the following byline: “Health information is provided 
by the Centre of Excellence for Science, Seafood and Health Curtin University, 
Western Australia”. 
 
Screenshots from the health tab are shown in Figure 26. The full articles are 
reproduced in Appendix 3. 
 
 196 
         
 
Figure 26. The Health tab list view (left) and detail views (centre and right). 
It is acknowledged that the health section was less fully developed, and less 
interactive, than the application’s other sections. Information was provided in a 
traditional top-down manner, by providing static articles. It may have been 
possible to develop a more innovative means of delivering health information, 
perhaps including some form of user interaction. Any application soliciting users’ 
opinions or health experiences requires cautious navigation of the line between 
providing reliable, evidence-based information, and providing insight into the 
experiences of real people. On the basis of focus group feedback, the Pier 2 Peer 
application was limited to static, evidence-based health information, leaving 
crowdsourcing for species and outlet recommendations, areas in which people 
indicated they were more comfortable receiving advice from other consumers. 
7.7.4 Diary 
The fourth section of the experimental application enabled users to keep a log of 
the fish they had eaten, and receive feedback on their omega-3 consumption. This 
tool was also the primary data collection mechanism, with information uploaded 
automatically to the remote server. Users were asked to make an entry in this 
electronic diary each time they ate fish or seafood. The data fields were: 
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• the date the meal was eaten 
• the species (chosen from a list including the 208 species in the database, plus 
nine other generic categories, including canned tuna, fish cakes and takeaway 
battered fish (see Appendix 2) 
• the cooking method, chosen from a list (bake, burger, BBQ, deep fry, grill, pan 
fry, pie, poach, sandwich, steam, stir fry or other) 
• the meal (either breakfast, lunch, dinner or snack) 
• the estimated quantity, in grams. 
 
Users were also able to add a photo of the meal, using their device’s camera. This 
was for the purpose of data validation and encouraging contemporaneous data 
entry, as described in Section 8.3.5. 
 
Meals were displayed in a table in reverse chronological order. Users could tap on 
an entry to edit or delete it; however, on first use of this feature, a message was 
shown asking users to only do this in the event of making an incorrect entry. 
Screens from the diary tab are shown in Figure 27. 
 
         
Figure 27. Diary tab: meal entry view (left), camera input (centre) and list view 
(right). 
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Users could also access a view providing feedback on their consumption over 
time. They could toggle between viewing the number of serves consumed per 
week and the total omega-3s obtained from their fish and seafood consumption. 
This latter view also displayed the recommended consumption level, based on 
their gender, and their average consumption level during their use of the 
application. These feedback views are illustrated in Figure 28. 
 
      
 
Figure 28. Diary tab feedback: weekly serves (left) and omega-3 from fish 
consumption (right). 
Different information sources present varying omega-3 values for specific fish and 
seafood species. This is partially due to the fact that many variables play a role in 
observed levels, including the providence of the fish (e.g. wild caught or farmed), 
the part of the fish examined, whether the product was cooked or raw when 
analysed and, if cooked, by what method.435 For consistency, the values used in 
the application were taken from two volumes of an authoritative CSIRO 
publication on the oil content and composition of Australian species.439, 440 This 
source was chosen due to the rigorousness of its methodology and the broad 
coverage of species that it offered. Where values for specific species were 
unavailable, values were averaged from similar species. 
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Omega-3 values were stored on the remote server for each species, and 
synchronised with the application on launch along with other species data. It is 
important to note that omega-3 feedback provided to the user was approximate – 
it did not take into account the cooking method employed by the user, as this 
degree of detailed data (oil breakdowns, by cooking method) is only available for 
a small proportion of the species included in the application. Furthermore, this 
feedback only took into account the omega-3 fatty acids contained in the 
reported fish consumption, and not from any other dietary source or 
supplements. These limitations were explained to the user on first use of the 
application (see Section 0). 
7.7.5 Settings 
Although it was the fifth and final tab of the Pier 2 Peer application, content from 
the settings tab was the first point of interaction for new users – this was where 
they first set up a user account. 
Most socially connected mobile applications require some form of user 
authentication. User accounts are used to collect and display information about 
users, for example in a profile, to provide proper access control to user-provided 
content (for example, to allow a user to edit or delete a comment they have 
added, but prevent others from doing so). Accounts also allow effective control 
and moderation of social networks. Some mobile applications make use of 
existing social networking authentication – for example, both Facebook and 
Twitter provide an API that allows third party applications to authenticate users 
with those services’ user profiles. Other applications create their own custom user 
account system, often using email addresses as a unique identifier. 
 
A custom system was preferred in this case. This approach provided greater 
control over the profile, and avoided adding another requirement for study 
participants – that they have a Facebook or Twitter account. The system was 
based on the user account model of Parse, the web service used to provide the 
application backend (described in Section 7.5). Parse handles the storing of user 
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data and other complex but necessary functions, including encrypted password 
handling and password resets, although applications using this system must still 
decide on what user data to collect, and implement their own interface for 
entering this data. 
 
Pier 2 Peer collected more user information than would be typical for a mobile 
application of this type, due to research requirements. The data fields were: 
 
• username (a unique identifier, chosen by the user) 
• password (encrypted and stored securely by Parse, and inaccessible by the 
application administrator) 
• first name 
• last name 
• email address 
• gender 
• birthday 
• Australian state or territory. 
 
Users could also select one of three avatar images to represent themselves in 
submitted comments. An early iteration of the application allowed users to 
upload a photograph. However early beta feedback raised the question of 
whether users would be comfortable using real photos in a social service they 
were participating in for research purposes, rather than having personally chosen 
to join. Login and sign-up views are shown in Figure 29. 
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Figure 29. Log in view (left) and sign-up view (right). 
In addition to user information management, the settings section of the 
experimental application also contained: 
 
• a link enabling the user to communicate with the researcher via email 
• a copy of the background information and consent form shown to the user on 
first launch of the application 
• a link with which users could send all data stored in the application, to the 
researcher. This was added as a precaution; the application was designed to 
automatically upload data to the remote server throughout the study, but 
participants were asked to tap this button upon study completion, to enable 
this automatically collected data to be compared with a complete data set.  
 
Screenshots from the Settings tab are shown in Figure 30. The full informed 
consent flow is reproduced in Appendix 4. 
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Figure 30. Settings tab list view (left) and detail views (centre and right). 
 
It is important to note that the extent of data collection carried out in the 
experimental application is only reasonable and ethical in a research situation in 
which informed consent was obtained from participants. While many mobile 
applications collect aggregated, depersonalised analytics information, this 
application went well beyond this to enable detailed evaluation. While these data 
collection functions would likely be retained in a larger scale randomised 
controlled trial, if the application were to be deployed to public users, it would be 
necessary to scale back or remove these functions. The same applies to the 
personal information collected from users at the time of signup; it would not be 






The term onboarding refers to prompts or tutorials shown to a user to assist them 
in using a new application or discovering less-obvious features. These prompts are 
either shown all together, on first launch, or progressively as the user moves 
through the application.  
 
In Pier 2 Peer, onboarding took place on the first occasion that users accessed the 
species, fish finder and diary tabs. The health tab was considered self-explanatory. 
On first launch, users were shown a series of screens containing screenshots and 
explanations of various key features for that tab. Examples of onboarding screens 
are shown in Figure 31. 
 
         
 




The experimental application was built carefully and methodically. It employed 
best-practice development methodologies, including the use of up-to-date APIs, a 
robust backend server, and modern visual design. Each of the tools in the 
application went through a number of rounds of development, testing and 
refinement, drawing on the feedback of experienced application developers. 
 
As detailed in Sections 8.4 - 8.5, the application performed well during the trial 
evaluation. No errors or significant usability issues were reported, although some 
interface decisions were queried, most commonly by users of the control group 
application (see Section 8.5.6.3). Most importantly, the remote database and 
custom analytics engine performed as planned, delivering all the data needed to 
both evaluate the application’s impact on a macro level, and to explore 






8.0   Exploratory trial 
8.1 Introduction 
As described in Section 4.5.3 an exploratory trial is the third phase of a complex 
intervention, as defined by the MRC.399 It is guided by theoretical considerations 
identified in phase one (described in Chapter 5) and by the formative modelling 
carried out in phase two (described in Chapter 6). 
According to the MRC, an exploratory trial endeavours to “describe the constant 
and variable components of the replicable intervention and a feasible protocol for 
comparing the intervention with an appropriate alternative.”399 In simple terms, 
the trial is carried out to inform and guide a definitive randomized controlled trial. 
Further guidance for the development of these trials, variously called pilot or 
feasibility studies, is offered from a number of other sources. In 2009 Bowen, 
Kreuter et al.441 undertook a review of feasibility studies funded by the US National 
Cancer Institute. This was conducted to provide guidance for future funding 
applicants and to fill what was perceived as a gap in the literature in terms of 
standards for designing and evaluating such feasibility studies. The resulting 
report identified general areas of focus commonly addressed by feasibility studies, 
and a number of these were considered applicable to the present study. These 
were: 
1. Acceptability. Feasibility studies sought to understand how research 
participants reacted to the intervention, and how likely they were to 
accept participation. 
2. Demand. Related to acceptability, demand for an intervention was often 
estimated by examining patterns of use either for the intervention as a 
whole, or of selected parts of it. 
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3. Implementation. Researchers typically try to assess whether the proposed 
intervention can practically be implemented, or whether changes might 
need to be made for a full trial. The ease with which participants can be 
recruited and retained is usually examined. 
4. Limited efficacy testing. Feasibility studies often attempted to test the 
effect of an intervention, but did so in a necessarily limited way. For 
example, convenience samples were often used, with shorter follow-up 




Based on this guidance, the following objectives were defined for this exploratory 
trial: 
1. To estimate an effect size for this intervention, to assist with power and 
sample calculations for a future RCT. 
2. To determine whether an intervention of this kind could be effectively 
delivered. In other words, if users found the tool to be user-friendly, of 
enough value and not overly burdensome, to make use of it for the 
duration of the intervention period. In terms of a later RCT, this 
information would serve to provide confidence that the intervention 
could be implemented on a larger scale, without unacceptable rates of 
attrition. 
3. To collect data on usage of the intervention app, and to examine these 
data for associations between different usage patterns and increased fish 
consumption. These data would be of use in refining the intervention 
tool and possibly modifying or eliminating parts of the tool that did not 




The following hypotheses were proposed: 
H1. Exposure to the full experimental application, and the underlying virtual 
community, will be associated with increased fish consumption, measured in 
serves per week. 
H2. There will be a positive association between increased consumption and 




The methodology for this trial is presented in several sections. They are: 
8.3.1 General overview of trial design 
8.3.2 Sample size 
8.3.3 Recruitment, baseline questionnaire, and random assignment to 
 groups 
8.3.4 Distribution of the experimental application 
8.3.5 Data collection 
8.3.6 Communication and participant feedback 
 
8.3.1 General overview of trial design 
Although it may have been possible to estimate the impact of the intervention in 
increasing fish consumption by deploying it to a single group and recording 
consumption trends over time, a controlled trial offered the best opportunity to 
estimate the size of the intervention effect. It also provided the opportunity to 
overcome the potential for observer effect.442 Participants would be aware that 
they were engaged in a study of fish consumption. As shown in Section 2.2.6 most 
people are aware of at least some health benefits of fish consumption, and many 
want to increase their consumption. It was quite reasonable to expect that many 
participants would increase their consumption throughout the course of the 
study, and a single-group study design may have presented difficulties in 
attributing this effect to the intervention itself. To gain a better understanding of 
the likely impact of the intervention, it was important to compare the intervention 
group with a control group subjected to similar influences.399 
Participants were recruited and randomly assigned to one of two groups. 
Recruitment and random assignment is discussed in detail in Section 8.3.3. 
Participants were then given one of two variants of the experimental application. 
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1. The intervention group received the full version of the experimental 
application. This included the species guide, fish outlet finder, health 
information, and diary tool for recording fish consumption. 
2. The control group received a reduced version of the application, which 
only allowed the recording of fish consumption. 
 
The control group version of the application contained only the diary and settings 
tabs from the primary application. The diary tab was modified, removing the 
feedback functionality to leave only the facility to add and edit fish meals. In this 
way, control group participants recorded their consumption during the study 
using the same mechanism as the experimental group, but received no support or 
feedback about their consumption. 
All participants were asked to use the application for 12 weeks, and to make an 
entry in the diary each time they ate fish. These data were analysed to determine 
any significant differences in fish consumption between the intervention and 
control groups. 
 
In addition to fish consumption data, usage data collected by the analytics engine 
in the intervention application were examined. These data were compared with 
consumption data, looking for associations between usage patterns and 
consumption trends. 
 
After 12 weeks an exit questionnaire was administered to all participants. This 
sought qualitative data from participants, including their own assessment of 
changes in their knowledge, confidence and consumption patterns, and feedback 
both on the experimental application, and on the experience of participating in 
the trial. 
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8.3.2 Sample size 
Appropriate sample sizes for pilot or feasibility studies can be difficult to 
determine, considering that standard power calculations are not usually 
possible.443 However it is important that studies seeking to estimate an effect size 
for use in later studies involve sufficient participants to make such estimations 
meaningful. Arain, Campbell et al. stated: 
Feasibility studies for randomised controlled trials may not themselves be 
randomised... If a feasibility study is a small randomised controlled trial, it 
need not have a primary outcome and the usual sort of power calculation is 
not normally undertaken. Instead the sample size should be adequate to 
estimate the critical parameters (e.g. recruitment rate) to the necessary 
degree of precision.444 
Bowen et al.441 also suggested the use of small-scale RCT pilot studies (which they 
called Phase I or II clinical trials) to estimate the effect size, power and sample size 
for a future Phase III trial. Neither paper gave definitive guides for calculation of 
pilot study samples; rather, they indicated that the size be determined on a case-
by-case basis to meet the objectives of the study. 
In all such calculations it is important to consider not just statistical significance, 
but clinical significance. In other words, in the field of public health, what is the 
size of effect that might be expected to have a meaningful health impact, either in 
terms of disease prevention or improved quality of life? 
For the purpose of this study it was determined that a clinically significant 
increase in fish consumption would be in the order of one additional serve per 
week; in lower-level consumers this could reflect a change from irregular 
consumption (less than 0.5 serves per week) to regular weekly consumption, or in 
moderate consumers (about one serve per week) approaching the recommended 
two to three serves per week. As shown in Section 2.1 many high-quality cohort 
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studies have found evidence of potential health benefits for those who consume 
between one and three serves of fish per week. 
A sample of sufficient size was required to demonstrate this moderate effect size 
within sufficiently narrow confidence intervals. Guidance was taken from 
Hertzgog’s paper Considerations in determining sample size for pilot studies,443 in 
which the author demonstrated the effect of various pilot study sample sizes on 
effect size confidence intervals. She argued that while pilot samples as small as 10 
- 20 per group can be sufficient for determining usability and reliability, samples in 
the order of 30 - 40 per group are required to detect moderate effect sizes within 
tight confidence intervals.  
With these considerations in mind, a sample size of 100 participants was chosen, 
comprising 50 participants for each of the groups (intervention and control). 
Although 30-40 may have been sufficient for the objectives of the trial, a larger 
sample was a conservative decision that allowed room for attrition. 
 
8.3.3 Recruitment, baseline questionnaire, and random assignment to 
groups 
8.3.3.1 Recruitment and selection criteria 
A convenience sample was recruited comprising Australian residents aged 18 
years and over. They were required to own a smartphone or tablet computer 
running the iOS operating system (specifically, iPhone, iPad and iPod Touch), this 
being the platform for which the experimental application was built. An AU$25 
iTunes voucher was offered as incentive for participation. This incentive was 
chosen as one that related to the intervention, which might be attractive to 
participants, and which could be easily provided – these vouchers can be 
purchased online and provided digitally as a redeemable code, avoiding the need 
for secure postage. 
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Participants were required to be at least occasional fish consumers. It was 
considered unlikely that this intervention would have an impact on those who 
never ate fish (for example, vegetarians or those with strong aversions or 
allergies). Potential volunteers were asked if they had eaten fish at least once in 
the previous three months. Individuals were excluded if they had not done so, on 
the grounds that in most cases this would indicate that the individual never ate 
fish, rarely ate it, or in some cases may have had strong reasons for not eating it. A 
similar criterion has been used in at least one other study seeking only potential 
fish consumers.109  
Facebook advertisements were purchased and displayed to Australian users aged 
18 years and over, who used iOS devices. Advertisements were displayed both as 
sponsored news feed items (for desktop and mobile users) and as right-column 
advertisements for desktop users. An example of the advertisements is shown in 
Figure 32. 
 
Figure 32. Targeted Facebook advertisement. 
In all, these advertisements were shown to 15 350 users, resulting in 152 clicks or 
taps through to the information website. This represented a click-through rate of 
0.99%. Although this may seem like a low return, it is in line with the average click-
through rate for Facebook advertisements in Australia.445  
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In addition to these Australia-wide advertisements, university staff and students 
were targeted via Curtin University’s social media channels, including Facebook, 
Twitter and Yammer, and via non-social channels including staff and student 
Internet noticeboards. 
Recruitment was most successful in Western Australia, probably due to the more 
direct nature of the recruitment channels used in that state. It is also probable that 
the university staff and students targeted via these channels, being more familiar 
with the nature of research participation, were more willing to volunteer than the 
general population targeted by general Facebook advertising. Of the full sample, 
64% (n = 64) were from Western Australia. 
8.3.3.2 Baseline questionnaire and group allocation 
In the first instance, interested individuals were directed to a website set up 
specifically to provide information about the study, and to screen out volunteers 
who did not meet the basic criteria (that they were aged over 18 years, lived in 
Australia, owned an iOS device, and had eaten fish in the last three months). 
Individuals who expressed interest in participating in the study were asked to 
answer “yes” on an electronic consent form, then to complete an entry 
questionnaire to determine basic demographic information, broad attitudes to 
both fish consumption and mobile application usage, and typical fish 
consumption frequency. This questionnaire was administered via the 
SurveyMonkey web application446 and is reproduced in Appendix 5. 
Participants were paired as closely as possible in terms of typical consumption 
frequency, age, gender and location (Australian state). Then, from each pairing, 
one participant was randomly assigned to the intervention group, and the other 
to the control group. This pairing helped to ensure that the groups were as similar 
as possible at baseline. As shown in Figure 33 this goal was largely achieved – 
participants were fairly evenly distributed between the two groups on all of these 
metrics.  
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In terms of these key demographic data, the sample was skewed towards females 
and individuals aged less than 40 years. The sample was 74% female (n = 74). 
Those aged between 18 and 39 years made up 76% of the sample (n = 76), with 
those aged between 40 and 59 years representing another 22% (n = 22). Just 2% 
of the sample (n = 2) were aged 60 years or over. 
 
Figure 33. Demographic and baseline fish consumption distribution between 
intervention and control groups. 
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Estimated regular fish consumption was fairly normally distributed. The largest 
proportion of participants 37% (n = 37) reported a regular consumption of one 
serve per week. 
Secondary information was also collected, including education, number of 
children and mobile device usage. Although it was not specifically used for the 
purpose of group assignment, this information was considered important in 
understanding as much as possible about the sample, including ways in which it 
might not be considered representative of the general population. Notably, the 
sample was highly educated, and those with children at home were under-
represented. Three quarters of the sample were university educated (77%, n = 77), 
and only 8% (n = 8) had no post-high school qualifications. More than two thirds 
had no children at home (69%, n = 69). This secondary information is detailed in 
Figure 34. 
8.3.4 Distribution of the experimental application 
Having been randomly assigned to a group, participants were asked to download 
the appropriate version of the experimental application. This presented a 
technical challenge. Normally the only way for a mobile application to be installed 
on an iOS device is by submitting that application to Apple for approval and 
public release. This was unacceptable in this case. The intervention application 
allowed users to submit recommendations and other content, and having these 
submissions open to the public would have created an additional confounding 
variable. Furthermore, it would have presented the possibility of a member of the 
control group finding and downloading the full intervention app, either before or 
during the study period. 
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Figure 34. Secondary demographic information and other baseline data. 
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An alternative to public distribution involves registering test devices on a 
developer’s account, and distributing applications using a service like TestFlight424 
or HockyApp.447 These services are commonly used by application developers and 
allow a small group of people to test applications for usability issues or errors 
before public release, a process known as beta testing. This was considered as an 
option for this project. However, the process of setting up a device and installing 
an application in this way is somewhat complicated, so this approach was deemed 
unfeasible for testers who could not be expected to have a high level of technical 
confidence. 
A third option allowed for simple downloading, without the application being 
made available to the general public. The intervention and control applications 
were submitted for approval, but assigned a future release date. Once approved, 
these applications were hosted on the App Store, but not visible to the public. 
Developers are able to request promotional codes for accepted applications. 
These are typically used in cases where an application is a paid download, but the 
developer wishes to provide it to a reviewer for free. For the purpose of this study, 
promotional codes were requested and distributed to participants, along with 
simple instructions for completing the download. 
It was desirable to have participants install the application and begin their 12-
week trial as closely to each other as possible. To whatever extent possible, having 
all participants using the application during the same period of time would limit 
the introduction of confounding variables. Had this not been the case, some 
participants might have been engaged with the study during a period known to 
increase fish consumption, such as Easter, or during some media or commercial 
event, such as a seafood promotion by a supermarket chain, or a news report on 
the dangers of contaminants in seafood. Although these external events could not 
be controlled, their impact of the validity of data collected could be limited by 
ensuring that participants were exposed to similar events at the same time 
(although there could well be unavoidable regional differences in these events). 
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This goal notwithstanding, it was not possible to ensure that all participants 
installed the experimental application at exactly the same time. Participants had 
to complete the entry questionnaire, and install the application themselves, using 
the supplied codes. As might be expected, some participants took some time to 
complete each step, in some cases needing reminding. However, the full sample 
completed the various processes needed to begin the study within a satisfactorily 
narrow time frame. 76% of the sample (n = 76) began the study within a week, 
with a further 14% (n = 14) beginning the following week. A further 5% of the 
sample (n = 5) began in each of the third and fourth weeks, meaning the full 
sample was recruited within a month.  
8.3.5 Data collection 
For each participant, the 12-week data collection period began on the day they 
first installed the application and created a user profile. Those in the intervention 
group were not given specific instructions about how, or how often, to use the 
informative sections of the application, beyond the simple tutorials shown to 
them when they first accessed each tab (see Section 0). Participants in both 
groups were asked to make a record in the diary section of the experimental 
application each time they ate fish or seafood. The mechanism for data entry is 
described in detail in Section 7.7.4. 
Although participants were not advised of a minimum quantity that constituted a 
serve, only those meals estimated to include more than 40 grams of fish or 
seafood were included in the data analysis. Although some studies have accepted 
any meal with a fish component in analysing fish consumption levels,65, 109 the 
health focus of this study and desire to only consider clinically meaningful results 
led to the decision to exclude meals with only a small quantity of fish or seafood. 
The 40 gram minimum allowed for the inclusion of meals like typical canned fish 
sandwiches, but the exclusion of trivial quantities of fish product – for example, 
fish paste on crackers, or anchovies on a pizza. In all, 81 of the 1087 reported 
serves (7.5%) were excluded from analysis due to being below this threshold. 
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Unreliability of self-reported consumption information is a commonly reported 
problem in nutritional studies.149, 232, 238, 448 Research participants have been 
observed waiting until the last moment (for example, before a clinical 
appointment) and then backfilling information, even when they have been 
instructed to record consumption activity on a regular basis. This commonly 
reported phenomenon is sometimes colourfully, but aptly, termed “parking lot 
compliance”.232 
In order to encourage contemporaneous recording of fish consumption, and 
thereby reduce the potential for memory error, participants were asked to add a 
photo of each fish serve they ate, using their device’s camera. The application did 
not allow participants to upload a photo from their device’s camera roll, the store 
of photos saved previously on the device. Disallowing this meant that participants 
could not upload photos that they hadn’t taken themselves (photos can be saved 
to a device’s camera roll from the Internet, for example), and they could not use 
the same photo for multiple meals. Importantly they also could not take a photo 
of a fish meal with the intention of completing the entry at a later time. The 
tendency to make temporary “stub” diary entries, which may not ever be 
completed, has been observed by other researchers.448 During the study a number 
of participants contacted the researchers, asking whether it was possible to do 
this. This is discussed further in Section 8.5.6.3. 
While it would have been possible to design the experimental application in such 
a way as to enforce the uploading of a photo (for example, by disallowing the 
saving of an entry which was not accompanied by an image), this approach was 
rejected. This would have made it impossible for a participant to make an entry 
even minutes after they had finished a meal, as it would be impossible to take the 
necessary photo. Therefore, although the application encouraged the addition of 
photos wherever possible, this was not enforced. 
In addition to the date entered manually by the participant as the “date eaten”, 
the application automatically recorded the date and time at which the entry was 
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made. This made it possible to compare the date at which the meal was reported 
to have been eaten, and the date it was actually entered in the diary. 
It was expected that the control group’s consumption patterns would be affected 
to some extent by the fact that they were asked to record their fish consumption 
during the intervention period, and that observations effects may have had some 
bearing on the observed data.449 However, it was considered that this impact 
would be mitigated by the fact that both groups were required to record their 
consumption using the same mechanism. Therefore, there was no reason to 
assume that any observation effect would differ significantly between the test and 
control groups. This was an important consideration; even if it were possible (or 
ethically permissible) to observe control group participants’ fish consumption 
without their knowledge, this approach would detract from, rather than enhance, 
the validity of statistical inferences made. It would be difficult, if not impossible, to 
separate the observation effect (the tendency for participants to increase their 
consumption as a result of being asked to record it) from the effect of the various 
resources they were exposed to during the measurement period. 
In effect, the diary component of the application was sacrificed as a comparable 
independent variable, as it was common to both test and control groups. The 
trade-off was the ability to analyse the effect of all other features of the 
application, both in terms of overall (combined) impact on consumption, and 
associations between certain usage patterns and changes in consumption. 
Finally, an exit questionnaire was administered to all participants in the test 
groups. This sought qualitative feedback about the user experience – 
effectiveness of the tools, level of burden, the degree to which the users feel their 
level of consumption was accurately reflected in the consumption diary, and any 
self-reported changes in skills, knowledge, attitudes or consumption intention. 
This questionnaire is reproduced in Appendix 6. 
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8.3.6 Communication and participant feedback 
The experimental application included a function enabling participants to send 
feedback directly to the researchers. This allowed communication of any problems 
with the application, such as errors or crashes, and for providing feedback about 
the application’s features or usability. Many mobile device users have become 
familiar with the process of providing feedback to application developers, and of 
seeing their feedback incorporated into later updates. This has been an 
interesting phenomenon in the mobile application age. Many users have begun 
to see software much more as a product made by real people who can be 
communicated with, than they did with the large-scale software products, made 
by large companies, they had used on desktop computers.450 It was possible that 
this feedback would have been offered by some participants, even had it not been 
solicited. 
Although it was possible to update the application during the study, for example 
to correct an error or fix a problem, it was agreed that this would only be done in 
the case of serious issues which could affect data collection or render the 
application unusable for some users. It was not desirable to make non-essential 
changes to the application mid-study, as this could have introduced confounding 
variables. It would not have been possible to ensure that all users updated the 
application at the same time; different users could have had different versions of 
the application at different times in the study. 
These contingencies proved unnecessary as no serious usability or functionality 
issues were identified during the study period. Several suggestions were offered 
regarding potential improvements that could be made to the application; these 
are described in Sections 8.4.4.6 and 8.5.6.3. 
As part of their participation in the virtual community, intervention group 
members received a fortnightly newsletter. Newsletters are a common element of 
community membership, whether online or real world. They can be effective tools 
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in encouraging engagement, increasing trust, and establishing a brand as an 
authority on a given subject. As digital marketing researcher Laurent Flores put it:  
Offering value-added newsletters through email…can place the brand in 
front of consumers on a monthly, weekly or even daily basis. As long as the 
customer experiences true value from the communication…the brand goes 
from being something consumers only think about periodically when 
shopping, to a trusted, daily source of category information.451  
A study found that website users who received a fortnightly newsletter were more 
likely to continue visiting that website, and showed more favourable attitudes to 
the brand being promoted.452  
Many mobile application developers use electronic newsletters as a tool to 
encourage engagement with a new application, especially where there is a social 
networking aspect. These newsletters are typically used to introduce or explain 
features of the application, to provide a human face, or to encourage 
engagement. For example, the health and fitness brand Withings has developed 
an ecosystem of networked devices and socially connected mobile applications; 
an example of that company’s electronic newsletters is reproduced in Figure 35.  
Each of the fortnightly newsletters sent to the intervention group included two 
sections. One section highlighted a feature of the application, such as the facility 
of entering a user’s preferences and receiving species recommendations, or of 
submitting favourite fish outlets to assist other users. The other section reminded 
the recipient that, if they had eaten fish or seafood, they should record this in the 
application. The newsletter did not specifically encourage users to eat fish, just to 





Figure 35. Withings270 email newsletter. 
Insofar as these newsletters might act to reduce missed data, it was important that 
control group participants received the same reminders. Control group 
participants were sent a fortnightly newsletter containing the same reminder 
section from the intervention group newsletter. Newsletters were distributed 
using the MailChimp web application,453 with mail outs automatically scheduled 
for the Friday of the second week of a volunteer’s participation, and every second 




One of the selection criteria for inclusion in the sample was that participants 
anticipated consuming fish at least occasionally during the study. Participants 
who did not record any instance of fish consumption during the study period 
were excluded from analysis. In all, 12 participants were excluded, leaving a 
sample of 88 (intervention = 45, control = 43). Of this sample, 78 participants 
completed the post-intervention questionnaire (intervention = 38, control = 40). 
8.4.1 Participant’s reported estimate of consumption 
In the post-intervention questionnaire, participants were asked to say how they 
believed their consumption during the study period compared with what was 
normal for them. Most felt that their consumption had been about normal (67%, n 
= 52), while only 6 participants (8%) thought that their consumption had 
increased. 
These participants’ self-assessments were compared with consumption data 
recorded in the application, and participants’ self-reported baseline estimates of 
normal consumption (as entered in the pre-intervention questionnaire). Half of 
participants’ estimates (n = 39) closely matched the observed data (for example, 
the participant estimated that they ate about the same amount of fish as normal, 
and the consumption data recorded in the application matched their baseline 
estimate). In about a quarter of cases (n = 21), the recorded data suggested that 
the participant had increased their consumption more than they thought they 
had. In the remaining cases (n = 18), the recorded data suggested the participant’s 
consumption had decreased more than they thought it had. 
8.4.2 Diary tool 
Given the importance of the diary tool in collecting fish consumption data, a 
number of questions were asked to both test and control group participants 
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about the usability of this tool and the effect (if any) they felt its use may have had 
on their consumption. 
Participants were asked if they sometimes forgot to record fish they had eaten. 
Three quarters of all participants (test and control) either agreed or strongly 
agreed that they had (75.6%, n = 59). This may be partially explained by the 
circumstances in which participants recorded their consumption. Participants 
were asked to add photographs of their fish meals, as described in Section 7.7.4. 
They were restricted to doing this using the device camera, rather than from the 
device’s photo library; one reason or this restriction was to encourage 
contemporaneous entry of the meal, ideally immediately before consuming it. 
However, nearly half of participants (46.1%, n = 36) said that they generally 
recorded their fish consumption after finishing the meal, with a quarter (26.9%, n 
= 21) admitting that it was typically not recorded until a later day. 
Entry of a fish consumption occasion required the participant to record the 
species of fish, the date of consumption and meal (breakfast, lunch, dinner, or a 
snack), the means of cooking, and the approximate weight. This information was 
primarily used to provide nutritional feedback, such as omega-3 intake, although 
the weight estimation was also used to omit from analysis serves that fell below 
the 40 gram minimum. 
The usability of the data entry tool was an important factor, and one that would 
require consideration in any further trial of this application, or in a different 
intervention seeking to use a similar method for data collection. Participants were 
asked to rate the ease with which they could enter this information. For example, 
how easy was it to know the species of fish being consumed, to find a matching 
species in the application list, to estimate the weight, and so on. The results are 




Table 6. Diary tool ease of use. 





Mean score (1 = 
strongly 
disagree, 5 = 
strongly agree) 
The diary tool was 
simple to use 
87.2% (n = 68) 10.3% (n = 8) 4.18 
The diary tool worked 
the way I expected it to 
71.8% (n = 56) 10.3% (n = 8) 3.86 
Entering the 
information into the 
app got in the way of 
preparing or enjoying 
my meal 
6.4% (n = 5) 80.8% (n = 63) 1.96 
 Somewhat 





Mean score (1 = 
very difficult, 5 = 
very easy) 
Knowing the kind of fish 
that I was eating 
41% (n = 32) 47.4% (n = 37) 2.97 
Finding a species in the 
list that matched what I 
was eating 
23.1% (n = 18) 59% (n = 46) 2.54 
Finding a cooking 
method in the 
application list that 
matched the way my 
fish was prepared 
51.3% (n = 40) 32.1% (n = 25) 3.26 
Estimating the amount 
(weight) of fish in each 
meal 
17.9% (n = 14) 74.4% (n = 58) 2.28 
 
Participants were also asked to add a photo of the meal, as a means of validating 
the consumption to some extent. It was equally important to understand the 
impact of this requirement on user behaviour; participants were asked a number 
of questions about this and results are shown in Table 7. 
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Table 7 Adding photos to the fish consumption tool: user perceptions. 





Mean score (1 = 
strongly 
disagree, 5 = 
strongly agree) 
I didn’t mind taking 
photos of my meals 
66.7% (n = 52) 11.5% (n = 9) 3.71 
Because I was taking 
photographs, I took 
extra care in presenting 
my meals 
56.6% (n = 20) 48.7% (n = 38) 2.76 
There were some 
situations when taking a 
photo of my meal was 
difficult 
67.9% (n = 53) 20.5% (n = 16) 3.68 
 Somewhat 





Mean score (1 = 
very difficult, 5 = 
very easy) 
Taking photos that 
showed the fish in my 
meals 
42.3% (n = 33) 37.2% (n = 29) 3.12 
 
It should be noted that, although the majority of participants said that they were 
happy to add photos, less than half of the 1006 fish meals recorded during the 
intervention included photos (n = 486). This was not surprising, given the high 
proportion of participants who said they usually recorded the information after 
having eaten the meal; adding a photo at this point was impossible. 15.9% of 
users (n = 14) did not include a photo with any recorded meal. Exactly the same 
proportion (15.9%, n = 14) added a photo for every recorded meal. 
Participants were given the opportunity to provide open-ended, written feedback 
on difficulties they experienced using the fish diary component of the application. 
Although this question was optional, more than half of participants (57.7%, n = 45) 
provided feedback. The most common complaint was the requirement to add 
photos using the device camera, with 19 participants saying that they would have 
found it easier to enter all the information after completing the meal. 
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It would have been good to be able to add a photo from my camera roll for 
times when I remembered to take a photo but didn't want to complete the diary 
entry right away (e.g. when dining out). 
(Control participant 42) 
I took photos whilst preparing the food but was unable to use photos from my 
folders when entering the data. Often I didn't have time to do the data entry 
whilst cooking (I have children). 
(Control participant 29) 
Completed study on my iPad, which I didn't have with me at all times, meaning I 
was unable to take photos of all meals consumed. Had anticipated that the app 
would allow me to upload photos to meals eaten in the past (which I'd saved to 
camera roll from a different device) but this didn't seem possible. 
(Control participant 36) 
Another common issue was the difficulty in finding species. Ten participants said 
that they would have preferred a search function, or some other way to find 
species other than scrolling through a long list. While a search function existed in 
the species guide section of the application, it was not included in the fish diary. 
I think the fish species "rolling" selection option was not very user friendly. 
Having to scroll through was sometimes tedious although I like the way some 
common options were presented at the start of the "roll". I would suggest a 
search option with predictive text would be helpful. 
(Test participant 14) 
Scrolling through the list took time, especially if I was looking for 'prawn' then 
found it didn't exist. Being able to type a letter, or words and search would have 
been better. 
(Control participant 26) 
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A number of participants suggested either reducing the number of species 
displayed to broader categories (e.g. prawn, rather than king prawn, tiger prawn 
and banana prawn), or to order species by main category first (e.g. prawn, tiger 
rather than tiger prawn). The difficulties and implications of species selection, 
naming and categorisation are discussed in Section 8.5.6.3. 
Feedback on the diary component of the application is summarised in Table 8. It 
should be noted that this question was framed negatively; participants were 
specifically asked about difficulties that had experienced with the fish diary tool. 
More general feedback on the application was sought elsewhere in the 
questionnaire. 
Table 8. Difficulties experienced while using the fish dairy tool. 




Requirement to use device camera for photos (rather 
than importing from camera roll) 
19 
Some species were not listed, or listed under an 
unfamiliar name 
14 
Scrolling to find species was difficult; a search feature 
would have helped 
10 
Some cooking methods were not listed 5 
It was difficult to estimate amounts 4 
Species were overly specific; would prefer broader 
categories 
4 
Would prefer species to be listed by main category, 
before sub category (e.g. prawn, tiger) 
3 
It was difficult to know the species when eating out 3 
The camera capture tool cropped some photos 
incorrectly 
3 
It was difficult to participate using an iPad, as the 
device was not always present 
3 





Participants in both groups were also asked whether they believed they had made 
a special effort to eat fish during the study period. Across both groups, 61.5% (n = 
45) indicated that they had not, with only 11.5% (n = 9) saying that they had. A 
Mann-Whitney U test was run to determine if there were differences in median 
response to this question between the two groups. Distributions of the responses 
for both groups were similar, as assessed by visual inspection of the population 
pyramid. The median response score was not statistically significantly different 
between test and control groups, U = 798, z = 0.406, p = .685. 
8.4.3 Fortnightly newsletters 
Participants were asked about the fortnightly newsletters they had been sent: 
how many of these newsletters they opened, and what actions (if any) they took 
in response. A large majority (78.2%, n = 62) said that they opened and read all or 
most of the newsletters. The newsletter server automatically collected analytics 
information; it was possible to see which newsletters had been opened by 
individual participants and compare these data with participants’ responses to 
this question. Notably, only half of participants (50%, n = 39) accurately reported 
their engagement with the newsletters (e.g. they said they opened all newsletters, 
and analytics data supported this claim). A further 29.5% (n = 23) over-reported 
their engagement (e.g. they said they opened all newsletters, but data suggested 
they only opened a few, or none at all). The remainder (20.5%, n = 16) under-
represented their engagement (e.g. they said they opened only a few newsletters, 
but data suggested they opened all of them). 
Both groups were asked how often the newsletter reminded them to record their 
fish consumption. Responses were evenly divided: half (50%, n = 39) said that the 
newsletter had prompted them to enter forgotten meals at least occasionally, 
with the other half saying this had never happened. The intervention group, 
whose newsletters included reminders about specific features of the application, 
were asked how often the newsletters promoted them to explore those features. 
63% (n = 24) of the intervention group said that they had done so at least 
occasionally. 
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8.4.4 Intervention group application usage 
8.4.4.1 Species guide 
Participants were asked about the species guide and its impact on their 
behaviour. Results are tabulated in Table 9. Most participants said that the guide 
included the species they usually eat, and around half felt that it had helped them 
to understand more about different kinds of fish. Relatively few said that they tried 
new kinds of fish as a result of using the application. 
Table 9. Participants’ perceptions of the species guide. 





Mean score (1 = 
strongly disagree, 
5 = strongly 
agree) 
The species guide 
helped me to 
understand more about 
different kinds of fish 
50.0% (n = 19) 2.6% (n = 1) 3.53 
The species guide 
included most of the 
species I usually eat 
81.6% (n = 31) 2.6% (n = 1) 3.89 
The species in the guide 
seemed relevant to the 
area I live in 
52.6% (n = 20) 5.3% (n = 2) 3.55 
I tried new kinds of fish 
because of what I 
learned in the species 
guide 
10.5% (n = 4) 63.2% (n = 24) 2.32 
The information in the 
species guide was 
accurate 
36.8% (n = 14) 0% (n = 0) 3.39 
 
8.4.4.2 Fish outlet finder 
Participants were asked about the fish outlet finder and its impact on their 
behaviour. Results are shown in Table 10. Around a third (31.6%, n = 12) said that 
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it had included a good selection of outlets in their local area, and around a quarter 
(23.7%, n = 9) said they found good fish as a result of using the tool. 
Table 10. Participants’ perceptions of the fish outlet finder. 





Mean score (1 = 
strongly disagree, 
5 = strongly 
agree) 
The fish finder tool 
helped me to find good 
fish in my local area 
23.7% (n = 9) 15.8% (n = 6) 3.05 
There were plenty of 
outlets in the fish finder 
tool that were near 
where I live 
31.6% (n = 12) 18.4% (n = 7) 3.11 
I found a good place, or 
places, to buy fish, as a 
result of using the fish 
finder tool 
23.7% (n = 9) 23.7% (n = 9) 2.92 
 
8.4.4.3 Health section 
Participants were asked about the health section and its impact on their 
behaviour. They were also asked about the impact of the feedback on serves per 
week and omega-3 intake provided in the diary tool. Results for both sets of 
questions are shown in Table 11. Most participants said that the health 
information in the application made them want to eat more fish, although 






Table 11. Participants’ perceptions of the health information. 





Mean score (1 = 
strongly disagree, 
5 = strongly 
agree) 
I was interested in 
reading about the 
health benefits of eating 
fish 
65.8% (n = 25) 10.5% (n = 4) 3.63 
The information in this 
section made me want 
to eat more fish 
60.5% (n = 23) 7.9% (n = 3) 3.61 
The information in this 
section made me want 
members of my family 
to eat more fish 
39.5% (n = 15) 21.1% (n = 8) 3.16 
The information in this 
section made me 
change the kinds of fish 
I eat 
15.8% (n = 6) 44.7% (n = 17) 2.58 
The feedback on serves 
per week, and omega-3, 
made me want to eat 
more fish 
36.8% (n = 14) 18.4% (n = 7) 3.21 
The feedback on serves 
per week, and omega-3, 
discouraged me 
7.9% (n = 3) 73.7% (n = 28) 2.07 
 
Analytics data collected by the application itself provided a clear picture of user 
engagement with the health information provided by the application. Participants 
in the intervention group were able to use the diary tool to view information 
about the number of serves of fish they had consumed per week during the study 
period, and about the approximate dietary omega-3s provided by their fish 
consumption. Around three quarters of participants (73.3%, n = 33) viewed the 
serves-per-week information at least once, with around half (46.7%, n = 21) 
viewing this information three or more times. Engagement with the omega-3 
information was somewhat lower; 60% (n = 27) viewed this information at least 
once, with 38.8% (n = 17) viewing it three or more times. 
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It was also possible to determine which participants had opened which of the 
seven health articles presented in the health section, and how often. Engagement 
was not high; two fifths of participants (40%, n = 18) opened none of the articles, 
with another quarter opening only one. These data are shown in Table 12. 








(n = 18) 
26.7% 
(n = 12) 
8.9% 
(n = 4) 
11.1% 
(n = 5) 
8.9% 
(n = 4) 
4.4% 
(n = 2) 
 
The most commonly opened articles were those containing general information 
about fish and health, or omega-3s. The least commonly opened were those 
about specific conditions such as cancer, diabetes or heart disease. The full data 
are shown in Table 13. 
Table 13. Total Number times each health article was opened. 
Health article title and subtitle Number of times 
opened 
Omega-3s 
The good oil: everything you need to know 
17 
The super food 
Fish is a great choice for your health 
13 
The best start 
The family dish, for when you’re in the family way 
10 
Arthritis 
Good news for joint pain sufferers 
8 
Cancer 
Helping to reduce your risk 
5 
Diabetes 
A managed diet doesn’t have to be dull 
3 
Heart health 





It should be noted that these data refer to opening articles, rather than reading 
them; a user opening an article and skimming its content would have registered 
as an open as much as another user thoroughly reading one. Measuring real 
engagement is a difficult task faced by anyone delivering digital content.454 
Notably, of the participants who said on the post-intervention questionnaire that 
the health information in the application had at least some impact on their fish 
consumption, more than a third (38.5%, n = 10) did not in fact open any health 
articles. Another third (30.8%, n = 8) opened only one article. 
8.4.4.4 Trust 
Participants were asked about the degree to which they trusted the information in 
the various sections of the application. For the health section, containing 
evidence-based health and nutrition information with a clear attribution to a 
university research centre, 84.6% of participants (n = 32) agreed or strongly 
agreed that they trusted this information. The species guide, containing a mix of 
expert information (such as cooking tips) and crowdsourced information (such as 
ratings) was attributed the same level of trust, with 84.6% of participants (n = 32) 
agreeing or strongly agreeing that they trusted this information. 44.7% of 
participants (n = 17) agreed or strongly agreed that they trusted the 
crowdsourced recommendations contained in the fish outlet finder section. It 
should be noted that only one participant said that they did not trust this 
information, with half of participants (50%, n = 19) neither agreeing nor 
disagreeing. Most participants simply did not frequently use this section. 





Table 14. Participants’ level of trust in the information contained in the 
application sections. 





Mean score (1 = 
strongly disagree, 
5 = strongly 
agree) 
I trusted the 
information in the 
species guide 
84.2% (n = 32) 2.6% (n = 1) 3.95 
I trusted the 
information in the fish 
finder 
44.7% (n = 17) 2.6% (n = 1) 3.47 
I trusted the 
information in the 
health section 
84.2% (n = 32) 0% (n = 0) 3.97 
 
8.4.4.5 Self-reported impact on fish consumption 
Participants were asked to what extent they felt that the various sections of the 
application had made an impact on their fish consumption. The health section 
was credited with the greatest impact, with 68.4% of participants (n = 26) saying 
that it had some impact or a big impact. The corresponding figures were 57.9% (n 
= 22) for the diary section, and 36.8% (n = 14) for both the species guide and fish 
outlet finder. It should be noted that few participants credited any section of the 
application as having had a big impact; most positive responses indicated some 
impact. A large majority of participants (86.8%, n = 33) said that the application as 
a whole, or one of its components, had at least some impact on their 
consumption.  
Notably, of the 11 participants who said they did not think the application as a 
whole had an impact on their consumption, five had previously indicated that one 
of the application’s components had had some impact, pointing towards a 
possible misunderstanding of the question (perhaps as referring to other aspects 
of the application not covered in previous questions). Responses to these 
questions are summarised in Table 15. 
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Table 15. Participants’ perceptions of impact of the application sections. 
Question: To what extent do 
you think the different 
sections of the application had 








Mean score (1 
= no impact, 
3 = a big 
impact) 
The species section 63.2% 
(n = 24) 
34.2% 
(n = 13) 
2.6% 
(n = 1) 
1.39 
The fish finder section 63.2% 
(n = 24) 
28.9% 
(n = 11) 
7.9%  
(n = 3) 
1.45 
The health section 31.6% 
(n = 12) 
55.3% 
(n = 21) 
13.2% 
(n = 5) 
1.82 
The diary section 42.1% 
(n = 16) 
44.7% 
(n = 17) 
13.2% 
(n = 5) 
1.71 
The application as a whole 28.9% 
(n = 11) 
65.8% 
(n = 25) 
5.3% 
(n = 2) 
1.76 
 
8.4.4.6 Ideas for improvement 
Members of the intervention group were given an open-ended opportunity to 
suggest ideas for improving the application. A number took the opportunity to 
reiterate the issues with the data entry tool discussed in Section 8.4.2, specifically 
the chore of scrolling through a long list, the preference for a search-based 
interface, and the inability to add a previously taken photo. 
One participant suggested the use of local notifications to remind them to enter 
their fish consumption. Local notifications are a mechanism by which a user can 
receive a reminder, even when they are not currently using a given application. 
Local notifications to remind ask if people have eaten fish today? Prompt as I 
forgot more often than not to enter the information. 
(Test participant 16) 
Another suggested that it may have been better to present information 
immediately after a user entered a fish meal, rather than requiring them to look 
for the information specifically. 
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When entering a meal - when saving - the next screen could show info about 
my meal, recipe ideas or health benefits. I wasn't proactive to go looking for 
additional info but if it flashed up before me I would have definitely read more 
info - which may have inspired me. 
(Test participant 18) 
A third made a more general observation about the balance of different kinds of 
information in the application, and what they perceived as an overly broad focus. 
Too much information - I didn't really use the fish finder or species sections. 
There was too much to read and I'm already aware this information. It may be 
useful to people who are new to fish eating or a specific geographic area. But 
there are also other ways to find this information. Generally, the app was user 
friendly, but I think it tries to be too much to too many user groups. To really be 
effective, more focus is needed. 
(Test participant 35) 
8.4.5 H1: Association between use of the intervention application and 
increased consumption 
This trial intervention had a mixed-factorial design; collection of data over the 
course of 12 weeks would allow within-subjects analysis of consumption over 
time, while the distribution of participants into intervention and control groups 
would provide the opportunity for a between-subjects comparison. In other 
words, the trial was designed to show whether use of the experimental 
application was associated with increased consumption over time and whether 
any increase in the intervention group differed significantly from the pattern 
observed in the control group. 
However, issues with data collection rendered the within-subjects analysis highly 
problematic. Looking solely at the data collected in the fish diary tool, most 
participants appeared to display a decrease in consumption over the 12 weeks, 
rather than an increase or even a consistent level. When viewed in conjunction 
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with participants’ self-reporting at the conclusion of the study, it was apparent 
that many, perhaps most, participants did not keep an accurate record of their fish 
consumption. Most participants admitted to forgetting to record fish 
consumption; in many cases participants appeared to begin the study 
enthusiastically recording their consumption, then to fall away during the course 
of the 12 weeks. These problems are discussed at length in Section 8.5.1, along 
with implications for future studies and potential improvements in study design 
to alleviate the issue. 
Although it was not feasible to determine the impact of the trial intervention over 
time, a between-subjects analysis remained possible. Subjects were evenly 
distributed between the two groups in terms of self-reported baseline 
consumption, and attrition (that is, participants who consumed no fish during the 
study) was relatively even; the remaining 88 participants comprised 45 
intervention group subjects (51.1%) and 43 control group subjects (48.9%). 
Furthermore, an analysis of participants’ self-reported estimates of consumption 
over the study period revealed no difference between the two groups. With the 
data being distinctly non-parametric, a Mann-Whitney U test was run to 
determine if there were differences in median response between the two groups, 
for the question asking if participants had forgotten to enter fish during the study. 
Distributions of the responses for both groups were similar, as assessed by visual 
inspection of the population pyramid. The median response score was not 
statistically significantly different between test and control groups, U = 861, z = 
1.13, p = .259. In other words, there was no reason to assume a significant 
difference between the groups in the degree to which consumption was 
misrecorded over the study period. Weekly consumption records could be 
collapsed into a single value for the study as a whole, and used to determine if 
there was a significant difference between the two groups. 
A Mann-Whitney U test was run to determine if there was a statistically significant 
difference between the total fish consumption of the two groups. Distributions of 
the responses for both groups were similar, as assessed by visual inspection of the 
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population pyramid. Total fish consumed was not statistically significantly 
different between test and control groups, U = 999, z = 0.264, p = .792. 
8.4.6 H2: Association between time spent using the application and 
increased consumption 
Analytics data provided a rich picture of intervention group participants’ 
engagement with the application. The following parameters were either directly 
recorded in the application (and uploaded contemporaneously to the remote 
server), or deduced post hoc from other analytics data: 
Overall application: 
• Number of application launches 
• Total time spent using the application 
• Total time spent in each of the four main sections of the application 
(species guide, fish outlet finder, health section and diary tool) 
Species guide 
• Total species viewed 
• Names of species viewed 
• Route by which species were found (via categories, search, or 
recommendations) 
• Number of time species recommendations were sought (and which 
preferences were entered) 
Fish outlet finder 
• Total outlets viewed 
• Names of outlets viewed 
• Number of times outlets were telephoned 
• Number of times outlets’ websites were viewed 
Health section 
• Number of health articles viewed 




• Number of times serves-per-week information was viewed 
• Number of times omega-3 intake was viewed 
 
Although these data were of use in drawing a broad picture of the relative use of 
various components of the application, the lack of valid data for consumption 
over time limited the types of analysis that could be conducted. Whilst it was not 
possible to test H2 (the hypothesis that time spent using the application would be 
positively associated with increased fish consumption over time), it was possible 
to examine any correlation between time spent using the application and total 
aggregated consumption over the study period.  
 
In order to test for this correlation, it was necessary to account for a number of 
outliers in both the fish consumption data, and in the application use time 
parameter. In terms of total fish consumption, two participants were deemed to 
be outliers, as assessed by inspection of a boxplot for values greater than 1.5 box-
lengths from the edge of the box. These participants recorded 41 and 32 serves of 
fish respectively, significantly higher than the median 10.0 serves recorded by the 
intervention group as a whole. To avoid undue impact on the results of correlation 
tests, these cases were excluded from analysis. 
 
Furthermore, fish consumption data were not normally distributed, as assessed by 
Shapiro-Wilk’s test (p < .05). However, after the application of a square root 
transformation, these data were normally distributed (p > .05), and the 
transformed data were used for the purpose of the following analyses. It is 
acknowledged that some of the variation in the consumption data (and in the 
transformed analytics data outlined below) was lost by the use of this 
transformation. 
 
Time spent using the application was considered to be time during which the 
application was in the foreground (note that, unlike desktop applications, only 
one iOS application can be fully active at a time), and the device screen was on. 
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The median minutes of application use throughout the course of the study was 
23.0. One participant was a significant outlier in this respect, recording 246 
minutes of use; the next highest value was 95 minutes. It is not clear how or why 
this participant may have recorded such an unusual value. Other analytics data for 
this participant showed it was unlikely that they were actively engaged with the 
application for this length of time. One possible explanation is that the participant 
had disengaged the autolock feature of their device (which automatically turns off 
the screen after a short period of non-use, much like the screensaver feature of a 
desktop computer), and left the experimental application open and unattended. 
Whatever the explanation, this participant’s time data would have significantly 
distorted any correlation test, therefore they were excluded from this analysis. 
 
The data for time spent using the application were not normally distributed, as 
assessed by Shapiro-Wilk’s test (p < .01). However, after the application of a square 
root transformation, these data were normally distributed (p > .05), and the 
transformed data were used for the purpose of this analysis. Visual inspection of a 
scatterplot revealed that the relationship between time spent using the 
application (transformed) and average serves of fish consumed per week 
(transformed) was broadly linear.  
 
A Pearson’s correlation test showed a strong positive correlation between time 
spent using the application and average serves of fish consumed per week, r = 
.713. Time spent using the application explained 50% of the variability in fish 
consumption. 
8.4.7 Demographic factors 
The data for time spent using the application (with one outlier removed) were 
tested for differences between demographic subsets of participants. 
There were 31 female and 12 male participants in the intervention group data set. 
The median time was higher for females (23.5 minutes) than males (17.5 minutes). 
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A Mann-Whitney U test determined that this was not a statistically significantly 
difference, U = 220.5, z = 1.129, p = .259. 
There were 24 participants from Western Australia and 18 participants from other 
Australian states in the intervention group data set. The median time was very 
similar for both groups – 23.5 minutes for Western Australian participants, and 
22.5 for those from other states. 
There were 19 participants under 30 years of age, and 23 participants aged 30 
years or over, in the intervention group data set. The median time was very similar 
for both groups – 23.0 minutes for younger participants, and 24.0 for older. 
There were 16 participants in the intervention group data set who had children for 
whom they were responsible (i.e. at home), and 26 who did not. The median time 
was very similar for both groups – 21.5 minutes for those with children, and 23.0 
minutes for those without. 
There were 36 participants in the intervention group data set who had a tertiary 
qualification, and 6 who did not. The median time was very similar for both groups 





This trial intervention had two main purposes: to quantify the impact that use of 
the experimental application had on fish consumption behaviour, and to make 
recommendations for a larger-scale RCT of this, or other similar applications. This 
section discusses these outcomes, but is limited to the trial intervention itself. A 
broader discussion of the implications of the full study, including its formative 
research, is undertaken in Chapter 9. 
 
8.5.1 Effect on fish consumption behaviour 
It was difficult, on the basis of the data collected during this trial intervention, to 
draw a clear picture of its impact on fish consumption behaviour. As discussed in 
Section 8.4.5, the study design made it difficult to separate participants who had 
practically, but informally, ceased participation in the study (by ceasing to use the 
experimental application) from those who simply ate very little fish. 
This problem was born from the desire to study individuals’ use of the application 
in as natural a setting as possible. A requirement could have been placed on 
participants that they use, or at least open, the application on some pre-defined 
regular basis. However, this would have created a decidedly unnatural set of 
circumstances; in the real world people are under no obligation whatsoever to use 
any given digital product or service on a regular basis, as much as the creators of 
those services might wish it otherwise. Adding a requirement like this would 
effectively have isolated the content of the application as the subject under 
investigation; the experimental question would have been something like “can 
exposure to certain information, mandated and regulated by the investigators, 
have an impact on the target behaviour?” 
There is nothing inherently wrong with an experimental design like this – many 
health interventions take precisely this form.174, 177, 320 However, as some 
researchers acknowledge, exposure to information is not the same as 
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engagement with information.206 Researchers can ask participants to launch an 
application, visit a website, or attend a meeting, and measure the frequency with 
which they do so. It is much more difficult to measure their engagement with the 
information being presented. They may have visited the website on a daily or 
weekly basis, as instructed, but to what extent did they actually read and digest its 
content? 
The decision to encourage, but not require, participants to engage with the 
application effectively meant that it was not just the information contained in the 
application that was under investigation, but the application itself. If individuals 
were given access to a fish-related mobile application, would its design, user 
experience and content sustain their interest and engagement, and to what 
extent would its use change their consumption behaviour? 
It is fully acknowledged that this decision led to difficulties in identifying trends in 
the observed data. While it may have been highly instructive to examine 
participants’ use of the application in a normal situation, any attempt to correlate 
that use with fish consumption would require accurate data on the fish consumed 
by participants throughout the study. Using the same mechanism (the 
application) both for delivery of the intervention and recording of the fish 
consumption data was attractive for reasons of simplicity and lower participant 
burden. However, it meant that those participants who dropped off in their use of 
the application also dropped off in the recording of their fish consumption, as 
many of them acknowledged when completing the post-study questionnaire. 
8.5.2 Initial communication 
Another contributing factor in intervention outcome may have been the manner 
in which the study was communicated to participants, who were told simply that 
they would be involved in a study of fish consumption. They were informed that 
the study would seek to understand the reasons why people do, and do not, eat 
fish. They were specifically not informed that the study was designed, at least for 
those of them in the intervention group, to increase their consumption. This 
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decision, made to reduce the chance that participants would feel they were 
required to deliberately eat fish during the study, may have had the unintended 
consequence of causing participants to believe that they should not increase their 
consumption – that they were expected to eat fish in a manner normal for them. 
Furthermore, it may not have been clear to participants that they were welcome 
to participate in the socially-connected components of the application – to rate 
fish, for example, or to share the location of favoured fish outlets. Intervention 
participants may have thought that they were primarily being asked to use the 
diary component of the application to record their fish consumption, and may 
have been confused about the expectation of engagement with other parts of the 
application. 
Despite the difficulty in constructing a full picture of the impact of the 
intervention on fish consumption behaviour, a number of observations were 
made possible by analysis of some parts of the data set. There was a strong 
positive correlation between time spent using the application and overall fish 
consumption, among members of the intervention group. It is less clear in which 
direction the correlation ran; were people who liked to eat fish more likely to use 
the application more, or were those who used the application regularly more 
likely to eat more fish? The mixed study design used in this intervention was 
intended to enable such a judgment, however the issues experienced with 
between-subjects comparisons made this difficult. When comparing data from 
the intervention and control groups, no significant difference was found in overall 
consumption; there is no case to be made, on the basis of these data, that use of 
the application itself had a positive impact on fish consumption. 
This intervention was based on the principles of the behavioural perspective 
model. In essence, the goal was to change individuals’ experiences with fish 
consumption, to intervene in their learning history by increasing the chance of 
positive outcomes from eating fish. The impact of doing so may not manifest for 
some time afterward. Half of the intervention group participants said that the 
species guide component of the application had helped them to understand 
more about different species of fish. If a participant discovered a new kind of fish 
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that they, or their family members, enjoyed eating, or learned a new way to 
prepare fish, this might lead to an increase in consumption in the long-term. An 
increase might not be apparent in a few subsequent weeks. In short, behaviour 
change takes time, particularly when the habits being changed have been built up 
over many years, or even decades. 
8.5.3 Contrasts between self-reported information and observed data 
Participant self-reporting is a common technique in the health sciences. Although 
there are many potential problems associated with this approach to data 
collection, it is a necessary component of many kinds of study; there are many 
kinds of data that, in practical terms, cannot reasonably be collected directly and 
objectively. 
Validity issues with self-reported data are sometimes grouped into two categories: 
those associated with the cognitive perspective of the individual being 
questioned, and those associated with individuals’ situational perspective.455 The 
former category includes internal factors associated with the way people 
comprehend the questions they are being asked, how they retrieve the necessary 
information from short- or long-term memory, and how they sort and prioritise 
that information in generating responses to questions. The latter category 
includes external factors that may play a role in shaping individuals’ responses: 
the place in which answering takes place, the presence of other people (including, 
potentially, the question-asker) and perceptions of privacy and anonymity. A 
commonly referenced situational factor is social desirability bias – the tendency 
for individuals to want to present a favourable image of themselves, and to 
(consciously or otherwise) modify their responses accordingly.456, 457 
A typical approach to validating self-reported data is to compare them with other 
data sets – either other self-reported data on the same subject (a process known 
as concurrent validation) or other objective data. In the case of this trial, several 
opportunities existed to compare participants’ self-reported data with objective 
data collected directly from either the experimental application, or the other 
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online services used for various components of the trial. Furthermore, the nature 
of the collected data meant that individual participants’ responses could be 
compared with their data on a case-by-case basis, rather than just in the 
aggregate. 
In many cases participants reported a level of engagement with the application, or 
its ancillary components (such as the fortnightly newsletters) that did not appear 
to match with the objective data collected. For example, some participants said 
that the health information in the application had influenced their fish 
consumption, but no record was found of them having accessed any of that 
information during the study. Others reported that they had opened all, or most, 
of the weekly newsletters, while analytics data suggested that they had opened 
few, or none. Conversely, others reported they had opened few or none, while 
data showed they had opened several or all of the emails. 
There are a number of possible explanations for these, and other, apparent 
discrepancies between self-reported and objective data. Firstly, participants may 
simply have misunderstood the questions they were being asked, a common 
cognitive perspective issue. Participants may have thought the health question 
related to other health information, either in the application or elsewhere. They 
may have thought they were being asked whether they had received the email 
newsletter (i.e., seen it appear in their inbox) rather than whether they had 
actually opened it. 
A second explanation may be related to the validity of the objective data. Any 
time data is collected digitally, there is potential for that data to be incorrect due 
to software bugs or transmission errors. However, errors of this nature are often 
easy to identify by their repetitive patterns and the nature of the erroneous data; it 
is more typical to receive nonsense data in the case of errors like this, than it is to 
receive plausible but unexpected data. An inspection of all the data sets collected 
in the course of this study revealed no reasons for suspicion of technically 
erroneous data. 
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A third explanation is that at least some participants’ answers were influenced to 
some extent by cognitive or situational factors. This may have included a desire to 
present a particular image of themselves that was consistent with their own 
personal self-image (for example, “I am somebody who believes health is 
important”, “I am somebody who likes/does not likes fish”, or “I am somebody 
who does/does not pay attention to marketing emails”). They may also have 
tended to avoid answers they may have seen as negative or critical of the 
application or project. 
No conjecture is made here as to the relative likelihood of each of these 
possibilities, in this case. However, these observations are mentioned as a 
cautionary note to researchers undertaking evaluations of similar interventions. It 
is important not to rely solely on either objectively collected data or on self-
reported measures of participant engagement and perception, but rather to 
collect both and to critically examine each data set in the light of the other. 
8.5.4 Summary of findings 
• Total fish consumed was not statistically significantly different between 
test and control groups. 
• There was a strong positive correlation between time spent using the 
application and overall fish consumption, among members of the 
intervention group. Time spent using the application explained 50% of the 
variability in fish consumption. 
• There were no statistically significant differences in application usage 
metrics based on any demographic factors - gender, age, education level, 
Australian location, or number of children. 
• The majority of participants admitted that they did not record all the fish 
they had eaten and, in many cases, it appeared that the recorded data 
were a poor representation of participants’ actual consumption. 
• Participants generally found the experimental application easy to use and 
technically robust. 
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• Participants were mostly happy to record information about their meals, 
and did not find this task overly burdensome. 
• Less than half of the fish meals recorded during the intervention included 
photographs, with many participants finding this task problematic. 
• Most participants responded positively to the fortnightly newsletters. 
• A large majority of participants said that they trusted both the health 
information and the species guide. Far fewer trusted the information in the 
fish outlet guide. 
• Most participants said that the health information in the application made 
them want to eat more fish, although relatively few said that it had made 
them want to change the kinds of fish they ate. 
• A large majority of participants felt that the application as a whole had an 
impact on their fish consumption 
8.5.5 Summary of limitations 
It is acknowledged that much of the potential value of consumption analyses is 
lost by the failure to capture valid time data to examine trends over the course of 
the study, as discussed in Section 8.4.5. It is perhaps not surprising that individuals 
who ate more fish tended to use the application more, look at information on 
more species, and so on. Indeed, even if any causation existed, it was by no means 
certain in which direction the causation occurred; did participants eat more fish 
because they used the application more, or vice versa? 
 
A dataset providing a fuller picture of participants’ consumption over the full 12 
weeks would have enabled an analysis of changes over time. This may have 
shown, for example, whether those who used the application regularly tended to 
increase their consumption over time. That said, these analyses provided useful 
information about the way the application was used, and which parts of the 
application were commonly used by low, medium and high fish consumers. 
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As a trial or pilot intervention, this study did not endeavour to recruit a sample 
large enough to generalise findings to the wider population. It also did not 
attempt to recruit participants in a truly random fashion, but rather used a 
convenience sample. The resulting sample was by no means representative of any 
larger population. Females were over-represented, compared with the general 
population, as were those with higher levels of education. Parents were under-
represented. Findings from this study should not be generalised beyond the study 
sample. 
 
Finally, the 12-week duration of the study, while sufficient for the purposes of the 
trial intervention, was not long enough to capture a full picture of impact on this 
highly habitual behaviour. A considerably longer study would be necessary to 
understand the long-term effectiveness of this intervention in changing 
behaviour. 
8.5.6 Recommendations for a future RCT 
The analyses that were possible, from both direct trial data and the information 
obtained in the participant questionnaires, suggest that there are grounds for 
further examination of a tool like the experimental application, for use in 
behaviour change interventions. However any such investigation would require 
careful consideration of the lessons learned during this trial intervention, which 
are categorised and discussed below. 
8.5.6.1 Recruitment 
Providing participants with adequate information about the study they are 
engaging in is both ethically and practically important. However there must 
always be a balance between providing sufficient information (for example, to 
enable fully informed consent) and ensuring that the provision of this information 
does not itself confound any analysis of the study’s results. A simple, common 
example: participants are not typically informed that they are in a control group. 
In one sense this might be seen as a mild deception. However it is one that is 
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almost universally seen as acceptable and necessary to enable many kinds of valid 
analysis. 
In this case, participants were informed that they would be participating in a study 
of fish consumption behaviour. They were not told that the study would 
endeavour to influence their consumption and, critically, they were not asked to 
engage with the socially connected features of the application to any particular 
extent. It may have been advantageous to explain to intervention group 
participants that they were invited to participate in the discussions, and 
encouraged to explore the various tools in the application. Care would be 
required to ensure that undue influence was not brought to bear on participant 
behaviour. 
A redefinition of the target population and, therefore, the sample selection criteria 
may also be appropriate. Among Australian adults, the only individuals excluded 
from participation in the trial intervention were those who ate no fish at all, and 
those without access to a compatible mobile device. Furthermore, a relatively low 
bar was set for identifying active fish consumers: anyone who had consumed fish 
at least once in the previous three months was eligible to participate. This meant 
that the study sample comprised individuals across the full spectrum of fish 
consumption: those who ate fish less than once per fortnight, to those who ate it 
more than three times per week. This was a deliberate decision; one of the goals 
of the intervention was to facilitate the support of less confident consumers by 
those with more experience. 
Perhaps more importantly, the sample comprised individuals with a wide range of 
different attitudes to their own consumption. Many participants expressed a 
desire to increase their fish consumption (or, at least, said they thought they 
should ideally eat more fish than they currently did, which is not quite the same 
thing). However, around a quarter said that they were satisfied with their current 
consumption level. In retrospect, this created an unnatural application-use 
scenario: an individual who did not feel any desire to increase their fish 
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consumption would be unlikely to choose to download and use an application 
intended to do exactly that. 
Given that such individuals would be unlikely to use and be influenced by this 
application, it is recommended that any future intervention consider limiting the 
target population to those individuals who wish to increase their fish 
consumption. This is perhaps a counter-intuitive recommendation. Why target 
only those individuals who want to increase their consumption, and what about 
those who do not? Firstly, on the basis of the formative data collected in this and 
other studies, a target population of individuals who wish to increase their fish 
consumption may still comprise a majority of the general population.75, 109, 110 
Furthermore, many health interventions take this approach, acknowledging that 
different strategies are required to influence individuals at different stages in the 
behaviour change process. As discussed in Section 5.2.3, the transtheoretical 
model in particular is salient to this strategy. This recommendation does not imply 
that no intervention is appropriate to individuals who do not intend to increase 
their fish consumption, but rather that this particular intervention probably is not. 
8.5.6.2 Collection of consumption data 
Participants were asked to make a record in the application each time they ate 
fish, for the duration of the 12-week study. From the observed data, and 
participants’ metaanalysis of their own behaviour in the post-study questionnaire, 
it was clear that many participants’ record of their own consumption became 
erratic as the study progressed. If a given participant made a number of entries in 
the first four weeks, then none in the last eight, this may have been a correct 
record of their fish consumption (probably unlikely), or it may have indicated that 
the participant simply forgot or chose not to open the application. The design of 
the trial intervention did not make it possible to differentiate accurately between 
these two scenarios. 
An alternative data collection strategy may have been to require participants to 
enter a small amount of information about each of their meals, for every day of 
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the study period. For example, they could have been asked to enter the main 
protein component of each meal (beef, chicken, pork, fish or vegetable). The 
requirement to consistently enter information for each meal, rather than just fish 
meals, would make it much easier to identify the true attrition rate for the study. 
This approach would have the added benefit of masking the true intent of the 
study. In this trial intervention, control group participants knew they were 
engaged in a study of fish consumption, and the act of recording their fish 
consumption almost certainly had an influence on their behaviour. Indeed, 
around a quarter of control group participants (27.5%, n = 11) said, in the post-
questionnaire, that the act of recording their consumption had made them want 
to eat more fish. This proposed approach would mean that participants could be 
informed that they were participating in a more general study of nutrition, and it 
may have been possible to collect control data from a sample that was more likely 
to eat according to their regular habits, and less likely to be subject to observation 
effects.449 It is strongly recommended that a future study adopt these, or similar, 
modifications to the study design. 
8.5.6.3 The experimental application 
Participants were generally positive about the experimental application, in most 
cases saying that they found it intuitive and easy to use. Three in five intervention 
group participants (71.1%, n = 27) said that they believed the application had at 
least some impact on their fish consumption (although this was not always 
supported by the data collected). 
Participants’ criticism of the application was mostly focused on the mechanics of 
entering fish consumption information, and most of this was specifically about the 
requirement of adding photos of fish meals. As previously noted, this requirement 
was added as a means of validating the data entered. Furthermore, participants 
were only able to add a photo directly from the device camera; they were not able 
to add a previously taken photograph. This was a deliberate decision intended to 
encourage participants to enter information as closely as possible to the time at 
which they consumed the meal. In reality, it created a small window of 
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opportunity for participants to enter the information required. Entering all of the 
necessary information, including the photograph, was a task that took perhaps a 
minute or two. However, the moment to enter this information (after the meal 
was prepared and plated, but before eating it) is in most cases not an ideal time to 
stop and spend a minute or two engaging with a mobile phone application. It 
may be a time at which a parent is marshalling the family to the dinner table, 
while the food is getting cold. If the individual is eating out, for example at a 
restaurant, it may be socially awkward to complete this task before eating the 
meal. Furthermore, if the individual was participating in the study using a tablet 
computer, they did not always have the computer with them, making it 
impossible to enter the information at the time. 
It is recommended that a future expanded study consider whether the added 
validation value of recording photographs of consumed meals justifies the 
additional participant burden. It is further recommended that, if the photograph 
requirement is retained, participants be enabled to add photographs either 
directly from the device camera, or from the device’s photo library. Encouraging 
contemporaneous data entry is an important goal, in that it reduces the potential 
for memory effects and other issues associated with recording events after they 
occur.232, 238 However, if our efforts to this end result in participants being less likely 
to enter data at all, then those efforts are in vain. We can control for the problems 
associated with late data entry. We can do nothing to examine data that we were 
unable to collect in the first place. 
A number of participants said that they found it difficult to navigate the fish diary 
component of the application, particularly with respect to entering the species of 
fish they had consumed. In developing the application, considerable attention 
was given to the presentation of information in the species guide tool. Users could 
filter species by type (fish or seafood), search for a species by name, and mark 
favourites for quick reference. However the diary component, in which users 
recorded their fish consumption, was effectively a standalone application housed 
within the main application. This was in many respects a pragmatic decision, 
based on the knowledge that this tool would need to be separated cleanly from 
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the main application, to enable control group users to be provided with a data 
entry tool that was identical to the one being used by the intervention group. If 
not for this consideration, several conveniences could have been added – for 
example, users may have been able to find a species in the species guide, using 
the filter or search functionality, tap a button to automatically populate the diary 
tool with a meal containing that species, then only have to complete the other 
data fields. 
Consequently, the presentation of information in the data entry tool was limited. 
Users were required to find species names by scrolling in a long alphabetically 
ordered list, with no ability to search or quickly access previously used species. It is 
recommended that a future study incorporate added search, filtering or 
favouriting functionality in the diary tool. It is also recommended that 
consideration be given to a recommendation by some users to change the 
ordering of species names. The experimental application ordered species 
alphabetically by the first letter of their full marketing name. So, for example, 
species of prawn (banana prawn, king prawn and tiger prawn) would be placed at 
various points through the list. Grouping these species and ordering them by the 
common form of the taxon (prawn, banana; prawn, king; prawn, tiger) may make 
species selection simpler for participants. 
A small number of participants went beyond identifying features or application 
components they believed could be improved, and offering more general 
feedback on the content and scope of the application as a whole. These 
participants opined that the application might have been too broad in scope, 
covering too many aspects of fish consumption information. One of the primary 
purposes of this trial intervention was to identify the most appropriate, and 
effective, information to present to users. An initial list of potential features and 
functionality was created on the basis of a review of literature described in 
Chapters 2 and 3 and the focus group study described in Chapter 6. This list, which 
included such diverse items as sustainability and other environmental 
information, seasonality guides, daily specials from fish outlets, and direct 
communication with fish suppliers, was reduced to a smaller feature set to be 
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included for testing in this trial intervention. Further reduction would be required 
to turn this experimental application into a tool that was appropriate for public 
release. 
There is a tension in the use of experimental applications in trial interventions like 
the one described here, between what is best for a study and what is best for the 
application itself. Researchers may wish to include a larger subset of functionality 
for testing purposes, to identify which components are effective and should be 
retained. However, the inclusion of all this information may render the application 
itself less usable, impacting on the results of the trial. It is recommended that a 
future study investigate other options for testing expanded feature sets including 
A/B testing, where different users are presented with different configurations of 
the application. This approach, which is common in commercial application 
development458 may enable researchers to examine the effectiveness of a range of 
different features and information sets, while still ensuring that individual 
participants receive an application that is not overwhelming in its presentation of 
large amounts of information. 
On the basis of the data collected in this trial, the two components of the 
application of most interest and benefit to participants were the species guide 
and the health section. Participants generally said that they trusted the 
information in these sections; in fact, the level of trust reported for these two 
sections was identical. This is noteworthy because of the different providence of 
the information in these two sections: the species guide contained crowdsourced 
information and opinions, while the health section contained evidence-based 
information overtly attributed to a university research centre. While participants 
described a similar level of trust in these sections, twice as many felt that the 
health section had an impact on their consumption. Again, this was not always 
supported by the data: some participants who said the health information had an 
impact on their consumption did not, in fact, read very much of it. It is possible 
that some participants answered these questions on the basis of what seemed 
likely: “I care about my health, so of course health information would have an 
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impact on me.” This study is certainly not the first to suspect such a phenomenon, 
commonly known as confirmation bias.459 
The section that appeared to be of least interest and benefit to participants was 
the outlet guide, or Fish Finder as it was called in the application. Most participants 
simply did not use this section, beyond initially looking at it when exploring the 
application after first installing it. Many focus group participants mentioned the 
lack of options for buying good quality fish in their local area. They also spoke of 
the difficulty of making extra trips to dedicated fish outlets, if they did not 
consider the quality to be sufficiently high at places where they did the bulk of 
their shopping. For many consumers the added inconvenience and (possibly) 
extra cost may mean that a dedicated fish retailer is never a realistic option. 
Working to improve the quality, variety and availability of fish and seafood at 
supermarkets may be more effective in encouraging regular, long-term 
consumption for large segments of the population, than highlighting the 
existence of well-regarded outlets, as this application endeavoured to do. 
8.5.6.4 Gamification 
As noted in Section 3.4.9, gamification refers to the addition of game-like elements 
into applications that are not games, to promote user engagement. This section 
further notes that there is a growing body of evidence for the efficacy of this 
approach in promoting health behaviour change. However at the time in which 
this experimental application was in development, both the term and the strategy 
were relatively new, and published studies into its use were still forthcoming. No 
explicit gamification elements were included in the experimental application used 
in this study, although the presentation of graphs showing users their 
consumption over time might be considered a simple form of gamification. 
Given the increased popularity of this approach, and the growing evidence that it 
may be of value in health promotion, it may be worth considering including more 
explicit forms of gamification in a future version of Pier 2 Peer. This could take the 
form of achievements, such as badges, for consuming recommended serves of 
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fish or levels of omega-3. The application could also incorporate leaderboards, 
showing users who have managed to consume recommended levels of fish over 
time. While these examples are commonly used in a range of health, fitness and 
goal tracking applications, they may be considered somewhat contrived for the 
purpose of encouraging fish consumption, and it may be necessary to give further 
thought to innovative forms of gamification that make sense for this endeavour. 
However, it is important to note that nothing in the data collected in this study, 
either directly in the application or via user surveys, directly indicates that 
gamification may be effective for encouraging fish consumption. This 
recommendation is made purely on the basis of its apparent efficacy in other 
health-related fields. 
8.5.6.5 Features for parents 
Some participants in the focus group study mentioned the difficulty of preparing 
fish that was acceptable to children, and some of the literature discussed in 
Section 2.2.2 suggests that these difficulties may play a significant role in overall 
consumption levels for parents and families. Some advice for parents was 
included in the experimental application, in the form of species information. For 
example, some species were marked as being typically free of bones when filleted, 
and therefore suitable for small children. However, this information was 
piecemeal; there was no single section of the application providing easy access to 
information targeted at parents and children. 
It may be appropriate to address this in a future update to the application by 
providing more direct support for parents. The Centre of Excellence for Science, 
Seafood and Health has developed a number of resources for parents and 
children, including seafood-focused educational games460 and child-friendly 
recipes,461 and these may be a useful starting point for such functionality. 
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8.5.6.6 Summary of recommendations 
These recommendations are made for further evaluation of this intervention: 
• Consider limiting the target population to those individuals who wish to 
increase their fish consumption. 
• Inform intervention group participants at the outset of the study that they 
are involved in a study of a socially-connected application, and 
encouraged to participate in all the features of the application (not just to 
record their fish consumption). 
• Rather than only requiring participants to enter information for fish meals, 
require a brief entry for every meal, noting the main protein component 
(beef, chicken, pork, fish or vegetable). 
• Remove the requirement for participants to add photos of their fish meals.  
• Alternatively if photographic validation is retained, enable uploading 
images from the device photo library, rather than solely from the camera. 
• Incorporate search, filtering or favouriting functionality in the diary tool. 
• Change the ordering of species names both in the diary tool and species 
guide, so that they are ordered first by the common form of the taxon (e.g. 
prawn, banana; prawn, king; prawn, tiger). 
• Consider gamification as a means of encouraging engagement and social 
connectivity 
• Consider the addition of functionality specifically targeted at parents 
• Consider tightening the focus of the experimental application by removing 
the fish outlet guide (i.e. focus on species selection, cooking and health)  
• Alternatively, retain all current application functionality and further explore 






9.0   Study discussion, recommendations and conclusion 
9.1 Objectives 
This study was ambitious. At a time in which a great many health-related 
applications are being brought quickly to market, this study sought to add to the 
evidence base for effective evaluation of such applications. Can behaviour change 
associated with application use be measured, and can an application be dissected 
to identify which of its components have the greatest impact on behaviour? While 
it would have been possible to undertake an impact evaluation of existing 
applications, developing a novel application from the ground up provided the 
best opportunity for full control over the features and functionality of the 
application, and over the manner in which data could be collected. The subject of 
investigation further necessitated the decision to build an entirely new 
application: while there are myriad applications for fitness, disease management 
and general nutrition, none currently exist for promotion of fish consumption in 
the manner investigated here. 
With so many facets and considerations, this study sought clarity of focus from the 
model for complex interventions developed by the MRC.350, 399 The study would 
comprise the first three phases of this model. A first, theoretical phase would 
examine the literature to provide guidance to the development of the application, 
and grounding within a theoretical framework. A second modelling phase would 
further refine the application and intervention, on the basis of qualitative data 
sought from focus groups. Finally, a trial intervention would seek to provide an 
estimate of the application’s effectiveness in eliciting behaviour change, and 
practical guidance for a future RCT. 
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In very simple terms, the study sought to do three things: 
1. To plan an application to encourage fish consumption, based on evidence 
from literature and focus group participants 
2. To build that application 
3. To test whether that application achieved its purpose 
9.1.1 Planning 
A great many factors could encourage individuals to eat fish more regularly. Some 
of these factors are entirely outside of the control of any researcher or, indeed, any 
person. For example, the cost of fish, or the possibility of encountering small 
bones when eating it. That said, most of these factors can at least be mitigated; 
individuals may be introduced to less expensive species and taught how to 
prepare them effectively, or to species that, when filleted, are less likely to contain 
small bones. 
The specific barriers and drivers for fish consumption differ greatly from one 
individual to another. This is perhaps the most common observation in the fish 
consumption literature, and one that was supported by the qualitative data 
collected in the focus group component of this study. It would be practically 
impossible to create an application or, indeed any other kind of intervention, 
which addressed every conceivable barrier to consumption for every kind of 
person. As with so many public health initiatives, a utilitarian approach is called 
for, to find the most effective and efficient balance between the things an 
intervention might attempt to do, and what it might realistically achieve. In this 
case that utilitarian approach meant compiling a list of barriers to consumption, 
and determining which of those barriers might be effectively addressed by a 
mobile application.  
Acknowledgement of the individual differences in fish consumption, and the 
complex interplay of factors which might influence that consumption, led to the 
grounding of this study in the behavioural perspective model.396 This consumer 
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psychology model sees behaviour as the result of the particular mix of positive 
and negative experiences the individual has experienced in relation to the target 
behaviour – their learning history. Those experiences are seen as either practical, 
tangible results of purchasing behaviour (for example, using a product one has 
bought, or being sated by a food one has consumed), or less-tangible feedback, 
real or imagined, from other people (for example, admiration for having 
purchased a desirable brand, or censure for having purchased one that is bad for 
the environment). This framework enabled a further refinement of the list of 
potential avenues for investigation: in what ways could a mobile application, and 
the virtual community underlying it, play a role in changing an individual’s 
learning history, in changing the proportion of reinforcement to punishment 
accruing from their fish consumption? 
The BPM was a useful framework for summarising and categorising the data 
collecting during focus groups. Its constructs enabled a semi-quantitative analysis 
of barriers and drivers to fish consumption, based on relative occurrence of 
positive and negative experiences with fish. Concepts such as individual learning 
history and situational behavioural determinants seemed particularly well suited 
to the behaviour under investigation. The BPM categorises reinforcement into 
utilitarian and informational categories and, as discussed in Section 6.4.1, it was at 
times difficult to delineate the informational reinforcement that surrounds fish 
consumption. Recall that informational reinforcement does not pertain to the 
receipt of information per se, but rather the receipt of feedback on a purchase (say, 
from family members, or health professionals, or the media). The information that 
a consumer seeks about a product (for example, in this case, asking a fishmonger 
for advice) does not constitute reinforcement at all, given that it occurs before 
purchase and consumption – in operant conditioning reinforcement, by 
definition, occurs after behaviour. This advice and information acts as a kind of 
precursor to later utilitarian reinforcement (or punishment), in that it makes one 
more likely than the other, depending on the quality of the advice. The BPM does 
not explicitly consider these dynamics. 
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The MRC has this advice for researchers seeking to model complex interventions: 
Modelling is concerned with unravelling and distinguishing the key 
components in a complex intervention...The most challenging part of 
evaluating a complex intervention - and the most frequent weakness in such 
trials - is defining the actual intervention, that is, standardising the content 
and the delivery of the intervention by determining the critical components 
of the intervention, and how they relate to, and impact on, each other. It is 
essential to clarify as far as possible the important components, partly in 
order to devise protocols for the trial itself and partly so that readers of 
eventual trial results can infer from results what elements were essential and 
what secondary or unimportant in producing a beneficial effect.399 
In this instance, the modelling phase was highly instructive in taking a broad array 
of potential avenues for investigation, and defining a specific tool to take forward 
into development and evaluation. It could be argued, on the basis of the trial data 
and participant feedback, that the tool could have been scoped even more 
narrowly than it was. A future study would need to carefully consider whether to 
make use of the full experimental application trialled here, or to reduce its 
functionality. While there may be sufficient evidence here to warrant culling the 
least used and effective components of the application, there may also be value in 
subjecting the full application to a larger investigation, with modifications to the 
study design to better evaluate the impact of its various components. 
9.1.2 Development 
Having isolated the subset of fish consumption barriers and drivers to be targeted, 
a mobile application was designed and developed. The application was built, 
refined, tested and optimised over the course of 12 months, before being 
empirically evaluated. Shortly before the start of this trial, the application was 
overhauled visually to bring it into line with modern design trends. Feedback both 
from initial beta testers and trial participants suggested that the application was 
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visually appealing, intuitive and responsive. No significant usability issues were 
identified. 
Application design is in many ways a subjective endeavour, particularly in terms of 
visual design and user experience (UX). It is also one that is subject to rapidly 
changing trends. Those seeking to make use of mobile applications in health 
interventions may not always realise the importance of these trends but, if they 
fail to heed them, they do so at their peril. The mobile application landscape has 
matured rapidly since its inception in 2007, and users now expect a high level of 
quality, even in free applications. A researcher may have something of an 
advantage in that their participants are to some extent required to use their 
application. However, if that application looks and operates very differently to 
other applications they use (and, particularly, if the experimental application 
appears dated, or is slow or unintuitive) this will almost certainly have a bearing 
on that individual’s level of engagement. 
Moreover it is not just visual design that changes quickly, but also the underlying 
mobile operating system (OS) of the various platforms, and their application 
programming interfaces (APIs). The two major mobile operating systems, Android 
and iOS, receive major updates on an annual basis. This presents both 
opportunities and challenges for developers and, by extension, for health 
researchers seeking to make use of mobile technology. Each update brings new 
functionality and opportunities to leverage new device components. Each year 
the APIs provided by OS stewards like Google and Apple give developers deeper 
access to the device system, and greater assistance in optimally accessing this 
system; each year developers are able to make their applications faster, more 
versatile, and more powerful. In most cases developers are not obliged to make 
use of the latest advances, or to optimise their applications for new OS versions. 
However, this is yet another way in which applications may quickly stagnate in 
comparison to others that are quicker to adapt. Furthermore, in some cases 
developers may have no choice but to adapt, as new OS releases may cause minor 
or major issues with older applications. 
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The rapidly changing state of the art in application design and development 
creates a significant issue, both for those implementing a further investigation of 
the experimental application discussed here, and for those evaluating any 
application over an extended period of time. An application cannot remain 
stagnant. Or, at least, an application’s effectiveness is surely tied to the degree to 
which it is allowed to stagnate. Further evaluation of this experimental application 
would require at least some degree of redevelopment, and the extent of the 
redevelopment required would depend of the time gap between studies. These 
factors would also be an issue for researchers seeking to evaluate an application 
over an extended period (say, over a year or more).  
However, while evolution and redevelopment may solve at least some problems 
with respect to user acceptability, they create others from a scientific perspective. 
Any modifications to an application mid-study would create confounding 
variables that would need to be accounted for in any statistical analyses. These 
factors are highly subjective; it is very hard to quantify the extent to which an 
application adheres to modern design trends, or makes best use of current APIs. 
Yet these variables cannot be accounted for if they cannot be properly quantified. 
While leaving an application unchanged for the duration of a study may seem at 
first glance to be the best option, scientifically, doing so creates another set of 
potentially confounding variables, if the study is long. Participants at the start of 
the study are (presumably) using an application that is modern, up-to-date, and 
compares well with other applications they are familiar with. As the study wears 
on, this may be less and less the case, particularly if one or more major OS updates 
occur mid-study. 
The already fast pace of change will only become faster in the coming years, and 
these issues will become more and more important for health researchers using 
mobile technology. There would be great value in empirical investigations of the 
link between design, user experience, user acceptability and outcomes in health-
related mobile applications, and between application stagnation and user 
engagement. A framework for measuring, quantifying and controlling for the 
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impact of changing an application, and guidelines for doing so with minimal 
experimental impact, would be of considerable benefit. 
9.1.3 Evaluation 
The outcomes of the trial evaluation, including its methodological problems, were 
documented thoroughly in Chapter 8. Recommendations for further study were 
outlined, with particular reference to modifications in recruitment, 
communication and data collection. 
Empirical evaluation of mobile health applications has been lacking, particularly in 
those that are commercially available. This is a problem that grows in proportion 
to the popularity of such applications. A report on mHealth industry economics in 
2014 estimated that there were 100 000 health and fitness mobile applications on 
the iOS and Android platforms, a market estimated to be worth US$4 billion at the 
time, and predicted to rise to US$26 billion by 2017.462 As more and more health 
applications come to market, purporting to offer deeper insights into people’s 
health, effective evaluation of the impact of health application usage will only 
become more important. 
Testing a new application is very different to testing, say, a new pharmaceutical 
product. In many cases there may be a pressing human need to bring a drug to 
market, particularly if it is for a disease for which there are currently no effective 
treatments. However, if its testing takes many months or even years, the drug will 
not have become less effective in the interim. This is not the case with mobile 
applications, which may date and lose user acceptability in a short space of time. 
Researchers simply do not have the luxury of evaluating applications over 
extended periods of time. In the case of commercial health application 
developers, there are even stronger commercial imperatives associated with 
bringing products quickly to market. 
Effective evaluation of mobile health applications will require innovation in study 
design. One strategy may be to adopt some of the testing practices of commercial 
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application developers. We may think of these developers as rushing products to 
market (at least in comparison with the rigorous peer review evaluation required 
in the health sciences). However with significant money at play, and increasingly 
strong competition, rigorous testing is still very important in a commercial 
context. One difference is the iterative approach used for testing, with no clear 
demarcation between testing an application and releasing it for public use. A 
typical application will be checked by a private group of testers for correct 
operation and user acceptability, for a limited period of time. It will then be 
released publicly with the full expectation that, once it is being used by a 
significant number of people in a wide range of environments, additional software 
bugs and usability issues will come to light. These are then resolved over 
subsequent updates, with the product being refined over time in response to user 
feedback. 
Clearly this approach would not be suitable for all kinds of health applications. 
Developers of diagnostic tools, or applications that collect data for clinical use, 
must be as sure as possible that these application function correctly before they 
allow users to access them. In some cases there may even be regulatory 
considerations. However in many public health and health promotion cases, the 
efficacy of an application’s content may be well established, and it may only be 
the mode of delivery that requires testing and refinement, to understand the most 
effective means of delivering that content. The experimental application 
developed in this study clearly falls into this category. In these cases an iterative 
approach to development, testing and public release may well be both 
appropriate and effective. 
This is another example of the importance of health researchers, and those 
planning health interventions, working closely with application developers at all 
stages of the development process. It is all too common for applications to be 
planned thoroughly by researchers, who then contract developers for a limited 
period of time to build the product they (the researchers) have designed, within 
the specific scope they have set. These applications may then be evaluated and 
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eventually released publicly, as “finished products”. However, software is never a 
finished product, a reality that is not always clearly understood. 
This kind of collaborative, ongoing working model does not fit well with the 
funding structures currently in place for health research. Researchers or project 
managers must typically prepare detailed grant applications, tightly defining the 
project deliverables and proposed budget. If the grant is approved, the project 
will proceed with many constraints already in place, and by this point it may be 
difficult or impossible to make significant changes to the nature or scope of the 
application being proposed. The kind of iterative development and testing 
process described above is very difficult to budget for; project managers are far 
more likely to attempt to scope and budget and application fully in advance, and 
to build it in one development cycle. 
Innovation is called for, not just among those developing health applications, but 
among those who provide the funding that enables this development. Small 
exploratory grants may enable researchers to build working partnerships with 
developers to better plan applications at an early stage, with deliverables such as 
scoping plans or prototypes. More flexible funding arrangements that provide 
options for extension, renewal or modification in response to outcomes may 
enable evidence-based health applications to adopt the iterative practices used to 




I have written here about the role of mobile devices and applications in health 
interventions, and the need to refine the tools with which they are designed, 
developed and evaluated. These observations and recommendations encompass 
many kinds of intervention, across many fields of public health. In this discussion 
of health applications, however, it is important not to lose sight of the specific 
purpose of the study reported here: to increase fish consumption. 
While this goal was driven by health considerations, it is unlikely that participants 
in the study considered that they were using a health application. Or, at least, one 
that bore much resemblance to other health applications they may have been 
familiar with, such as fitness trackers or calorie counters. Both the literature 
outlined in Section 2.2 and the data gathered in this study’s focus group research, 
indicate a complex relationship between individuals’ health knowledge and fish 
consumption; while most people recognise the healthful properties of fish, their 
decision to eat it or otherwise does not always relate closely to that recognition. A 
common theme in the focus group study was that people chose to eat fish 
because they liked its taste or versatility, and saw the health benefits as a sort of 
“added bonus”. Similarly, when people did not eat fish, it was often due to 
personal preferences or experiences, rather than a lack of awareness that it was 
good for them. In recognition of this, the experimental application developed 
here focussed on improving the experiential aspects of fish consumption, rather 
than knowledge of the health benefits. It may, perhaps, be thought of as health 
application dressed in other clothes. 
While other groups have sought to use social media and mobile technology to 
increase fish consumption, evaluation of these endeavours has been limited to 
analysis of webpage visits, social interaction (such as ‘likes’, comments, or sharing 
of posts) or application downloads. While these metrics can provide some insight 
into engagement levels, the current study sought to go further, in developing an 
effective methodology for evaluating the impact of such an intervention on actual 
fish consumption. 
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It must be said, in plain terms, that this study did not find evidence of increased 
fish consumption for intervention participants, in comparison to a control group. 
This does not mean that such an increase did not occur, and some data collected 
point towards some interaction between application use and consumption. 
Although a clear association was not found, the beginnings of a framework for 
effective data collection and evaluation of mobile health applications were 
outlined. 
Mobile health, or mHealth interventions share many features of their offline 
counterparts. They must be grounded in theory, built on the back of earlier 
research, and developed in close consultation with end users to ensure they meet 
real needs in a user-acceptable way. However, they are also different in many 
important respects. Researchers developing and evaluating health applications 
may need to work on a time schedule that is entirely different to that which they 
are accustomed to, to meet the demands of a fast-moving consumer landscape. 
They may need to find new methodologies to quickly and iteratively evaluate 
their work, perhaps by blurring the lines between evaluation and implementation, 
where safe and appropriate. 
Most importantly, health practitioners will need to work more closely and deeply 
with professionals from a range of disciplines with which they have not 
traditionally been involved. Health promoters and public health professionals 
have for decades contracted marketers and graphic designers to take their 
information and create attractive resources for public use. In many cases, to date, 
they have taken the same approach with application developers: consolidating 
their ideas in isolation, before contracting developers to “do the coding”. It is 
increasingly apparent that this is not sufficient. Multi-disciplinary teams including 
health professionals, data scientists, developers and human interaction designers, 
brought together as closely as possible to the inception of a project, stand the 
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Focus group information sheet and consent form
FOCUS GROUP INFORMATION SHEET
About the study
My name is James White. I am interested in understanding the experiences people have in selecting and 
eating fish, and in particular, the places people go to find information about fish. I am also interested in the 
way people use mobile technology (such as smart phones and tablet computers) and social media to find 
information about health and nutrition.
The aim of this study is to guide the development of a new mobile application to assist people to eat fish for 
health benefit.
What will you be asked to do?
If you would like to take part in this study, you can come along to a 45-minute group session that will include 
a maximum of 8 people. The group session will be held at xxxxxxxxx on xxxxxxxxxxxxx, from xxxxx to xxxxxx. 
In recognition of your contribution to the study and to compensate you for your time and effort, you will be 
paid $20 if you decide to take part in the study.
This session will be a focus group discussion centering around your perceptions and experiences of fish 
consumption and your use of mobile technology, including smartphones, tablet computers, and apps. This 
discussion will be recorded on audiotape, to enable the researchers to easily recall what was said.
If you agree to participate in the study you will be able to withdraw at any time, and you do not have to give a 
reason for doing so. If you withdraw from the study, all the information provided by you will be destroyed.
What will be done with this information?
The session will be recorded on an audiotape so that we do not miss any of the information you provide. The 
information collected during the study will be stored securely and kept confidential. All personal information 
will be kept only for as long as it is needed, and then will be destroyed. Information will not be reproduced 
in a manner that could lead to the identification of any of the participants. Once the study is completed, a 
summary of the findings will available to all participants. The results of the study will also be circulated to the 
wider community. However, participants will not be named in any of the reports that are produced as part of 
the study.
How can you find out more information about this study?
If you are interested in taking part but would like to ask some questions about what is involved, please 
call me on 0405 761 580, or email me at james.white@curtin.edu.au. You may also contact my supervisor, 
Professor Alexandra McManus, on (08) 9266 2115, or at a.mcmanus@curtin.edu.au
This study has been approved by the Curtin University Human Research Ethics Committee (Approval Number RD-45-12). If needed, 
verification of approval can be obtained either by writing to the Curtin University Human Research Ethics Committee, c/- Office of Research 
and Development, Curtin University, GPO Box U1987, Perth WA 6845, or by telephoning 9266 2784 or by emailing hrec@curtin.edu.au.
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FOCUS GROUP CONSENT FORM
I _________________________________________ (print your full name) have read the summary of this 
research project and any questions I have asked have been answered to my satisfaction. I agree to participate 
in this activity, realising that I may withdraw at any time without reason and without prejudice.
I understand that all information provided is treated as strictly confidential and will not be released by the 
investigator unless required by law.
I agree that data gathered for this project may be published provided my name or other identifying 
information is not used.
______________________________  ____________________
Participant’s Signature   Date
This study has been approved by the Curtin University Human Research Ethics Committee (Approval Number 
RD-45-12). If needed, verification of approval can be obtained either by writing to the Curtin University 
Human Research Ethics Committee, c/- Office of Research and Development, Curtin University, GPO Box 
U1987, Perth WA 6845, or by telephoning 9266 2784 or by emailing hrec@curtin.edu.au.
The Curtin University Human Research Ethics Committee requires that all participants are informed that, if 
they have any complaint regarding the manner, in which a research project is conducted, it may be given 
to the Project Manager (Telephone 9266 7021) or, alternatively to the Secretary, Human Research Ethics 
Committee, Office of Research and Development, Curtin University of Technology, PO Box U1987, Perth, WA 
6845 (Telephone 9266 2784). All study participants will be provided with a copy of the Information Sheet and 
Consent Form for their personal records on request.
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Appendix 2
Marketing name Marketing nameScientific name Scientific name
Bony fish
Species included in the experimental application
albacore Thunnus alalunga
alfonsino Beryx splendens
Atlantic salmon Salmo salar
Australian sardine Sardinops neopilchardus
banded morwong Cheilodactylus spectabilis
banded rockcod Epinephelus ergastularius
barcheek coral trout Plectropomus maculatus
barramundi Lates calcarifer
bartail flathead Platycephalus indicus
basa Pangasius bocourti
bigeye trevally Caranx sexfasciatus
bigeye tuna Thunnus obesus
bight redfish Centroberyx gerrardi
bigscale pomfret Taractichthys longipinnis
black bream Acanthopagrus butcheri
black oreodory Allocyttus niger
black trevally Caranx lugubris
blacktip rockcod Epinephelus fasciatus
blue grenadier Macruronus novaezelandiae
blue morwong Nemadactylus valenciennesi
blue threadfin Eleutheronema tetradactylum
blue warehou Seriolella brama
blue-eye trevalla Hyperoglyphe antarctica
bluefin trevally Caranx melampygus
bluespotted coral trout Plectropomus laevis
bluespotted emperor Lethrinus sp.
bluespotted flathead Platycephalus caeruleopunctatus
bluespotted trevally Caranx bucculentus
bluetail mullet Valamugil seheli
brown trout Salmo trutta
chinook salmon Oncorhynchus tshawytscha
cobia Rachycentron canadum
common coral trout Plectropomus leopardus
crimson snapper Lutjanus erythropterus
deepwater flathead Neoplatycephalus conatus
diamondscale mullet Liza vaigiensis
dusky flathead Platycephalus fuscus
Eastern Australian salmon Arripis trutta
eastern sea garfish Hyporhamphus australis
european carp Cyprinus carpio
frigate mackerel Auxis thazard
frypan bream Argyrops spinifer
gemfish Rexea solandri
giant queenfish Scomberoides commersonnianus
giant trevally Caranx ignobilis
goldband snapper Pristipomoides multidens
golden perch Macquaria ambigua
golden pomfret Xenobrama microlepis
golden trevally Gnathanodon speciosus
goldspotted rockcod Epinephelus coioides
grass emperor Lethrinus laticaudis
green jobfish Aprion virescens
greenback flounder Rhombosolea tapirina
grey mackerel Scomberomorus semifasciatus
grey morwong Nemadactylus douglasii
hussar Lutjanus adetii
imperador Beryx decadactylus
jack mackerel Trachurus declivis
jackass morwong Nemadactylus macropterus
john dory Zeus faber
king dory Cyttus traversi
King George whiting Sillaginodes punctata
king snapper Pristipomoides spp
king threadfin Polynemus sheridani
largetooth flounder Pseudorhombus arsius
lesser queenfish Scomberoides lysan
longfin eel Anguilla reinhardtii
longfin rockcod Epinephelus quoyanus
longnose emperor Lethrinus olivaceus
longsnout flounder Ammotretis rostratus
longtail garfish Hyporhamphus quoyi
longtail tuna Thunnus tonggol
mackerel tuna Euthynnus affinis
mangrove jack Lutjanus argentimaculatus
Maori rockcod Epinephelus undulatostriatus
mirror dory Zenopsis nebulosus
Moses snapper Lutjanus russelli
mulloway Argyrosomus hololepidotus
Murray cod Maccullochella spp
needleskin queenfish Scomberoides tol
northern pearl perch Glaucosoma buergeri
ocean blue-eye trevalla Schedophilus labyrinthica
ocean jacket Nelusetta ayraudi
ocean perch Helicolenus barathri
orange roughy Hoplostethus atlanticus
pearl perch Glaucosoma scapulare
pikey bream Acanthopagrus berda
pink ling Genypterus blacodes
rainbow trout Oncorhynchus mykiss
rankin cod Epinephelus multinotatus
Ray’s bream Brama brama
red emperor Lutjanus sebae
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red morwong Cheilodactylus fuscus
redfin Perca fluviatilis
redfish Centroberyx affinis
redspot emperor Lethrinus lentjan
redthroat emperor Lethrinus miniatus
reef leatherjacket Meuschenia freycineti
reef ocean perch Helicolenus percoides
river garfish Hyporhamphus regularis
rock flathead Platycephalus laevigatus
rock ling Genypterus tigerinus
ruby snapper Etelis sp.
saddletail snapper Lutjanus malabaricus
samsonfish Seriola dumerili
sand flathead Platycephalus bassensis
sand whiting Sillago ciliata
school mackerel Scomberomorus queenslandicus
school whiting Sillago bassensis
sea mullet Mugil cephalus
shark mackerel Grammatorcynus bicarinatus
sharptooth snapper Pristipomoides typus
shortfin eel Anguilla australis
silver dory Cyttus australis
silver perch Bidyanus bidyanus
silver trevally Pseudocaranx dentex
silver warehou Seriolella punctata
skipjack tuna Katsuwonus pelamis
smooth oreodory Pseudocyttus maculatus
snapper Pagrus auratus
snubnose garfish Arrhamphus sclerolepis
southern bluefin tuna Thunnus maccoyii
southern flathead Platycephalus speculator
southern garfish Hyporhamphus melanochir
spangled emperor Lethrinus nebulosus
Spanish mackerel Scomberomorus commerson
spikey oreodory Neocyttus rhomboidalis
spotted flounder Ammotretis lituratus
spotted mackerel Scomberomorus munroi
striped marlin Tetrapturus audax
striped trumpeter Latris lineata




threadfin pearl perch Glaucosoma magnificum
three-by-two garfish Hemiramphus robustus
tiger flathead Neoplatycephalus richardsoni
tilapia Oreochromis mossambica
toothy flathead Neoplatycephalus aurimaculatus
trumpeter whiting Sillago maculata
turrum Carangoides fulvoguttatus
velvet leatherjacket Meuschenia scaber
warty oreodory Allocyttus verrucosus
West Australian dhufish Glaucosoma hebraicum
Western Australian salmon Arripis truttaceus
white warehou Seriolella caerulea
yellowedge coronation trout Variola louti
yelloweye mullet Aldrichetta forsteri
yelloweye redfish Centroberyx australis
yellowfin bream Acanthopagrus australis
yellowfin tuna Thunnus albacares
yellowfin whiting Sillago schomburgkii
yellowspotted rockcod Epinephelus areolatus
yellowtail kingfish Seriola lalandi
angel shark Squatina sp.
Australian blacktip shark Carcharhinus tilstoni
bronze whaler shark Carcharhinus brachyurus
dusky whaler Carcharhinus obscurus
gummy shark Mustelus sp.
ray Trygonorrhina sp.
sawshark Pristiophorus spp
school shark Galeorhinus galeus
whiskery shark Furgaleus macki
Marketing name Marketing name
Marketing name





Balmain bug Ibacus peronii
banana prawn Fenneropenaeus sp.
bay prawn Metapenaeus sp.
blue swimmer crab Portunus pelagicus
eastern king prawn Melicertus plebejus
eastern rocklobster Jasus verreauxi
endeavour prawn Metapenaeus sp.
king prawn Melicertus sp.
marron Cherax cainii
Moreton Bay bug Thenus orientalis
mud crab Scylla serrata
redclaw Cherax quadricarinatus
school prawn Metapenaeus sp.
southern rocklobster Jasus edwardsii
spanner crab Ranina ranina
tiger prawn Penaeus sp.
tropical rocklobster Panulirus sp.
vannamei prawn Penaeus vannamei
western rocklobster Panulirus cygnus
yabby Cherax destructor
blacklip abalone Haliotis rubra
blue mussel Mytilus edulis
brownlip abalone Haliotis conicopora
calamari Sepioteuthis sp.
cockle Anadara trapezius
commercial scallop Pecten fumatus
cuttlefish Sepia sp.
gould’s squid Nototodarus gouldi
green-lipped mussel Perna canalicula
greenlip abalone Haliotis laevigata
native oyster Ostrea angasi
octopus Octopus sp.
Pacific oyster Crassostrea gigas
periwinkle Turbo undulatus
pipi Donax deltoides
roe’s abalone Haliotis roei
saucer scallop Amusium balloti
squid order Teuthoidea
surf clam Dosinia caerulea
Sydney rock oyster Saccostrea glomerata
Marketing name Marketing nameScientific name Scientific name
Crustaceans Molluscs
crocodile Crocodylus porosus
sea cucumber Holothuriidae sp.
sea urchin Class Echinoidea sp.




Articles used in health section of experimental application
A healthy diet high in oily fish 
can help reduce symptoms of 
rheumatoid arthritis and help you to 
manage your condition. These benefits 
include reduced joint tenderness, a reduction 
in morning stiffness and reduced use of 
analgesic anti- inflammatory drugs. Even if 
you do not yet suffer from arthritis, scientific 
studies have shown a link between regular 
seafood consumption and a reduced risk of 
developing arthritis. Rheumatoid arthritis may 
also increase your risk of heart disease, but 
research has shown that a diet high in oily 
fish can help to reduce this risk.
Fish and seafood rich in omega-3s is an 
important dietary investment in reducing the 
risk and the symptoms of arthritis. Seafood 
provides the best source of omega-3s, with 
the richest sources being oily fish such as 
salmon, mackerel and sardines.
If you are at risk of developing arthritis 
or have a mild form of the condition, you 
will start to feel the benefits of a healthier 
diet (coupled with mild exercise) within a 
few weeks. However, if you already have 
rheumatoid arthritis, you may not feel the full 
benefit for a month or two. Make oily fish a 
weekly habit!
Health information is provided by the Centre of 
Excellence for Science, Seafood and Health
Curtin University, Western Australia
Good news 
for joint pain 
sufferers
For those at risk of diabetes, 
or those who have already 
been diagnosed, one of the 
biggest challenges can be 
making significant changes to their 
diet. Many people find it di cult to 
limit or eliminate foods that they enjoy, and 
report reduced enjoyment of meals. Fish and 
seafood provide the best of both worlds, 
helping people to retain taste and variety as 
they plan a nutritious, balanced diet.
A healthy diet can help you manage 
your weight and may help prevent type 
 diabetes. If you already have diabetes, 
a healthy diet can help you manage your 
condition.
 
People diagnosed with diabetes are more 
susceptible to coronary heart disease, 
making heart smart dietary decisions even 
more important.
Staying “heart healthy” is a key step to 
avoiding the onset of type 2 diabetes. Fish 
and seafood are much lower in saturated fat 
than other protein sources, such as red meat, 
and eating 2-3 serves a week can help to 
control cholesterol and blood pressure levels 
- both important considerations in avoiding 
type 2 diabetes.
Health information is provided by the Centre of 
Excellence for Science, Seafood and Health
Curtin University, Western Australia
A managed diet 
doesn’t have to 
be dull
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A healthy diet including high levels 
of oily fish during pregnancy has been 
shown to provide many benefits, including 
better brain development increased birth 
weight for the baby, and lower rates of 
hypertension for the mother. It has also been 
shown to reduce the chances of pre-term 
delivery. The benefits also continue after birth 
– fish consumption during pregnancy has 
been linked with better language, visual and 
motor development for children as they grow.
If you are pregnant or planning pregnancy, 
a diet including seafood is a healthy food 
choice.
What about mercury?
You may have heard that pregnant women 
should be wary of the mercury content of 
fish and seafood. The good news is that 
most common fish species available in 
Australia are completely safe to consume 
while pregnant or planning pregnancy. 
However, there are some recommendations 
for pregnant women and children under six 
years (Note: a child’s serving size is 75g, 





in the family 
way
Recommendations from Food Standards Australia 
New Zealand
Health information is provided by the Centre of 
Excellence for Science, Seafood and Health
Curtin University, Western Australia
2 – 3 serves/week of any fish/seafood
EXCEPT
orange roughy, catfish, shark or billfish 
(swordfish/broadbill/marlin)




no other fish that week








Omega-3 fatty acids (omega-
3s) are essential to our health. 
The regular intake of omega-
3s as part of a healthy diet provides health 
benefits for conditions such as diabetes, 
heart disease, arthritis and some cancers. 
Our bodies cannot produce these fatty acids 
and so we need to eat foods that contain 
them. 
The best source of omega- 3s is fish and 
seafood. Adults should aim to include 3500 - 
4000mg of omega-3s in their diet each week. 
Some types of seafood contain higher levels 
of omega-3s than others so the number of 
serves of seafood you need to eat each week 
to maintain good health depends on the type 
of seafood you eat. Generally, one serve of 
seafood is around 150g.
Can I just take fish oil supplements?
Although supplements may be of 
benefit for those with very high omega-3 
requirements (for example, those suffering 
from rheumatoid arthritis), fish and seafood 
remains the very best source of these fatty 
acids. Recent research shows that there is 
great variability in the bioavailability of the 
omega-3s contained in supplements and 
other fortified foods, such as bread (in other 
words, the ease with which our bodies can 
make use of them). Besides being the best 
source of omega-3s, fish and seafood has 
many other benefits, making it a true super 
food.
Health information is provided by the Centre of 
Excellence for Science, Seafood and Health
Curtin University, Western Australia
The good oil: 
everything you 
need to know
A healthy balanced diet including 
fish and seafood, along with regular 
physical activity, can help to reduce the 
risk of coronary heart disease. The benefits 
of eating fish and seafood include
 n protection against cardiovascular diseases
 n protection against coronary mortality
 n lowered blood pressure
 n reduced heart rate
 n protection for veins and arteries
ish and seafood are also a smart choice for 
lowering cholesterol, and the omega-3 fatty 
acids in oily fish can actually help to prevent 
coronary heart disease.
Health information is provided by the Centre of 
Excellence for Science, Seafood and Health




ncluding fish and seafood 
in a balanced diet can improve 
and maintain your health. esearch 
suggests that adequate levels of 
physical activity and a balanced, healthy 
diet have a significant preventative effect 
on the development of some cancers. n 
particular, consumption of oily fish has been 
linked with a reduced risk of prostate, breast, 
colon, oesophageal and lung cancers. hen 
prepared in a healthy way, fish is a valuable 
part of a healthy diet.
Health information is provided by the Centre of 
Excellence for Science, Seafood and Health






Intervention in-application information and consent screens
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FISH CONSUMPTION STUDY - PRE STUDY QUESTIONNAIRE
Thank you for participating in the Pier 2 Peer study, conducted by the Centre of Excellence for Science, Seafood and 




You are invited to participate in a study investigating the use of a mobile app to understand the consumption of fish. 
To participate, you must be at least 18 years old, and live in Australia. You will also need to own an iPhone, iPad or iPod 
Touch, as you will need to install the app on your device.
To participate in this study, you must currently eat fish, at least occasionally. The study will last for three months. 
Although you will not be required to eat fish to any particular extent during this time, it is important that you think you 
are likely to eat fish at least occasionally during this period.
 
What will you be asked to do?
This brief questionnaire is the first component of participation in this study. After completing this questionnaire, you will 
be sent instructions for downloading a mobile application, which you will need to use for the next three months. During 
these three months, you may receive emails from time to time about the study. At the end of this time, you will be asked 
to complete a final questionnaire.
If you agree to participate in the study you will be able to withdraw at any time, and you do not have to give a reason for 
doing so.
What will be done with this information?
The information collected during the study will be stored securely and kept confidential. All personal information will 
be kept only for as long as it is needed, and then will be destroyed. Information will not be reproduced in a manner 
that could lead to the identification of any of the participants. Once the study is completed, a summary of the findings 
will available to all participants. The results of the study will also be circulated to the wider community. However, 
participants will not be named in any of the reports that are produced as part of the study.
When will you receive the gift card?
You’ll need to use the app throughout the three-month study period, making an entry each time you eat fish. Although 
you won’t be expected to eat a particular amount of fish during the study, it’s important that you eat it at least 
occasionally; you will need to have some entries in the fish diary by the end of the study. At the end of the three months 
you will be asked to complete a final questionnaire. After this, you’ll be emailed a code which can be redeemed for $25 




How can you find out more information about this study?
You can obtain more information by contacting the researcher James White on 0405 761 580, or emailing james.white@
curtin.edu.au. You may also contact the project supervisor, Professor Alexandra McManus, on (08) 9266 2115, or at 
a.mcmanus@curtin.edu.au
This study has been approved by the Curtin University Human Research Ethics Committee (Approval Number RD-45-12). If 
needed, verification of approval can be obtained either by writing to the Curtin University Human Research Ethics Committee, 
c/- Office of Research and Development, Curtin University, GPO Box U1987, Perth WA 6845, or by telephoning 9266 2784 or by 
emailing hrec@curtin.edu.au.
The Curtin University Human Research Ethics Committee requires that all participants are informed that, if they have any 
complaint regarding the manner, in which a research project is conducted, it may be given to the Project Manager (Telephone 
9266 7021) or, alternatively to the Secretary, Human Research Ethics Committee, Office of Research and Development, Curtin 
University, PO Box U1987, Perth, WA 6845.
I have read the summary of this research project and any questions I have asked have been answered to my satisfaction. 
I agree to participate in this activity, realising that I may withdraw at any time without reason and without prejudice. I 
understand that all information provided is treated as strictly confidential and will not be released by the investigator 
unless required by law.
I agree that data gathered for this project may be published provided my name or other identifying information is not 
used.
1 I agree  ¢
2
3
What is your full name?
What is your email address?
CONSENT
QUESTIONS ABOUT YOU
4 What is your gender?













What is the highest level of qualification you have received since you left school?
Certificate   ¢
Diploma/Advanced diploma ¢
Bachelor degree   ¢
Graduate diploma/certificate ¢
Postgraduate degree  ¢
None of the above  ¢
How many children are you responsible for? (i.e. people who are aged under 18 who live with you, and 







What state/territory do you live in?
New South Wales / ACT ¢
Queensland  ¢
Victoria   ¢
Tasmania  ¢














4 or more ¢
How often do you usually eat fish or seafood?
Less than once a fortnight ¢
Once a fortnight   ¢
Once a week   ¢
Twice a week   ¢
Three times a week  ¢
More than three times a week ¢ 
How often would you ideally like to eat fish or seafood?
Less than once a fortnight ¢
Once a fortnight   ¢
Once a week   ¢
Twice a week   ¢
Three times a week  ¢
More than three times a week ¢ 
What would assist you to eat fish or seafood more often? (choose all that apply)
If I could find better quality fish     ¢
If I could find less expensive fish     ¢
If I knew more, or better, ways to cook fish    ¢
If I could find ways to cook fish that my family enjoyed more  ¢
If I could know that the fish I eat is sustainable   ¢
If I knew more about the health benefits of fish   ¢
None of the above      ¢
Other (please specify)      ¢ 
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13 What is the main reason you eat fish? (choose the one main reason)
I like the taste  ¢
It’s good for me  ¢
It’s easy to cook  ¢
It’s inexpensive  ¢
It’s sustainable  ¢
I always have  ¢
Other (please specify) ¢ 
QUESTIONS ABOUT YOUR APP USAGE
14
15
On the smartphone or tablet computer you use most often, how many apps do you currently have 
installed? (for the purposes of this question, only count apps you have decided to download, not those 







51 or more ¢
Which of the following kinds of smartphone or tablet apps do you use? (choose all that apply)
Health (not including nutrition) ¢
Nutrition   ¢
Cooking    ¢
Shopping   ¢
Social networking  ¢
None of the above  ¢
Thank you for completing this questionnaire. You will be contacted shortly with instructions for downloading 
the study app.
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FISH CONSUMPTION STUDY - EXIT QUESTIONNAIRE
Thank you for participating in the Pier 2 Peer study, conducted by the Centre of Excellence for Science, Seafood and 
Health, at Curtin University. Your participation will help us to understand the reasons Australians do, and don’t, eat fish 
and seafood.
What will you need to do next?
This questionnaire is the final component of participation in this study. After completing this questionnaire, you will be 
sent a code which can be redeemed for $25 iTunes credit, to thank you for your participation.
As always, your participation in this study is voluntary and you may withdraw at any time, without needing to give a 
reason for doing so.
What will be done with this information?
The information collected during the study will be stored securely and kept confidential. All personal information will 
be kept only for as long as it is needed, and then will be destroyed. Information will not be reproduced in a manner 
that could lead to the identification of any of the participants. Once the study is completed, a summary of the findings 
will available to all participants. The results of the study will also be circulated to the wider community. However, 
participants will not be named in any of the reports that are produced as part of the study.
How can you find out more information about this study?
You can obtain more information by contacting the researcher James White on 0405 761 580, or emailing james.white@
curtin.edu.au. You may also contact the project supervisor, Professor Alexandra McManus, on (08) 9266 2115, or at 
a.mcmanus@curtin.edu.au
This study has been approved by the Curtin University Human Research Ethics Committee (Approval Number RD-45-12). If 
needed, verification of approval can be obtained either by writing to the Curtin University Human Research Ethics Committee, 
c/- Office of Research and Development, Curtin University, GPO Box U1987, Perth WA 6845, or by telephoning 9266 2784 or by 
emailing hrec@curtin.edu.au.
The Curtin University Human Research Ethics Committee requires that all participants are informed that, if they have any 
complaint regarding the manner, in which a research project is conducted, it may be given to the Project Manager (Telephone 
9266 7021) or, alternatively to the Secretary, Human Research Ethics Committee, Office of Research and Development, Curtin 




I have read the summary of this research project and any questions I have asked have been answered to my satisfaction. 
I agree to participate in this activity, realising that I may withdraw at any time without reason and without prejudice. I 
understand that all information provided is treated as strictly confidential and will not be released by the investigator 
unless required by law.
I agree that data gathered for this project may be published provided my name or other identifying information is not 
used.
1 I agree  ¢
2 What is your full name?
CONSENT
FISH CONSUMPTION AND DIARY TOOL




Compared to what is normal for you, do you think your fish consumption during the twelve-week study 
period was:
Less than normal   ¢    
About normal  ¢
More than normal ¢
When did you generally enter your meal information into the application? (choose the one option you 
did most often)
While you were preparing the meal  ¢
Immediately prior to eating the meal  ¢
While you were eating the meal   ¢
After eating the meal, but on the same day  ¢
After eating the meal, on a different day  ¢
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The diary tool was simple to use ¢ ¢ ¢ ¢ ¢
The diary tool worked the way I expected it to ¢ ¢ ¢ ¢ ¢
I didn’t mind taking photos of my meals ¢ ¢ ¢ ¢ ¢
Because I was taking photographs, I took extra 
care in presenting my meals ¢ ¢ ¢ ¢ ¢
There were some situations when taking a photo 
of my meal was difficult ¢ ¢ ¢ ¢ ¢
I made a special effort to eat fish during this study ¢ ¢ ¢ ¢ ¢
Entering the information into the app got in the 
way of preparing or enjoying my meal ¢ ¢ ¢ ¢ ¢
I sometimes forgot to use the application to 
record a fish meal ¢ ¢ ¢ ¢ ¢
The feedback on serves per week, and omega-3, 
made me want to eat more fish ¢ ¢ ¢ ¢ ¢
The feedback on serves per week, and Omega-3, 
discouraged me ¢ ¢ ¢ ¢ ¢
5












Remembering to enter the meals at the time I was 
eating them ¢ ¢ ¢ ¢ ¢
Estimating the amount (weight) of fish in each 
meal ¢ ¢ ¢ ¢ ¢
Taking photos that showed the fish in my meals ¢ ¢ ¢ ¢ ¢
Knowing the kind of fish that I was eating ¢ ¢ ¢ ¢ ¢
Finding a species in the list that matched what I 
was eating ¢ ¢ ¢ ¢ ¢
Finding a cooking method in the application list 
that matched the way my fish was prepared ¢ ¢ ¢ ¢ ¢
6
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7 Please tell us about any difficulties you experienced using the diary tool. (You may leave this section 
blank if you did not experience difficulties)








The species guide helped me to understand more 
about different kinds of fish ¢ ¢ ¢ ¢ ¢
The species guide included most of the species I 
usually eat ¢ ¢ ¢ ¢ ¢
The species in the guide seemed relevant to the 
area I live in ¢ ¢ ¢ ¢ ¢
I trusted the information in the species guide ¢ ¢ ¢ ¢ ¢
I tried new kinds of fish because of what I learned 
in the species guide ¢ ¢ ¢ ¢ ¢
The information in the species guide was quite 
accurate ¢ ¢ ¢ ¢ ¢
8
OTHER PARTS OF THE APPLICATION
These questions are about the other sections of the Pier 2 Peer application.
NOTE: 
This section omitted from control group version of questionnaire








The fish finder tool helped me to find good fish in 
my local area ¢ ¢ ¢ ¢ ¢
There were plenty of outlets in the fish finder tool 
that were near where I live ¢ ¢ ¢ ¢ ¢
I trusted the information in the fish finder ¢ ¢ ¢ ¢ ¢
I found a good place, or places, to buy fish, as a 
result of using the fish finder tool ¢ ¢ ¢ ¢ ¢
9
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I was interested in reading about the health 
benefits of eating fish ¢ ¢ ¢ ¢ ¢
The information in this section made me want to 
eat more fish ¢ ¢ ¢ ¢ ¢
The information in this section made me want 
members of my family to eat more fish ¢ ¢ ¢ ¢ ¢
The information in this section made me change 
the kinds of fish I eat ¢ ¢ ¢ ¢ ¢
I trusted the information in this section ¢ ¢ ¢ ¢ ¢
10








The species section ¢ ¢ ¢
The fish finder section ¢ ¢ ¢
The health section ¢ ¢ ¢
The diary section ¢ ¢ ¢
The application as a whole ¢ ¢ ¢
11
12 Did you experience any technical problems while using the application - for example, crashes, errors, or 
things that didn’t work the way you expected them to? Please tell us about these problems. (You may 
leave this section blank if you did not experience any technical problems)
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13 Do you have any suggestions for ways that this application could be improved? (You may leave this 
section blank if you do not have any suggestions)
FORTNIGHTLY NEWSLETTERS




How many of the email newsletters did you open and read?
All of them ¢
Most of them ¢
A few of them ¢
None of them ¢
Each email newsletter included a reminder to record any fish you had eaten that fortnight. How often 
did you enter fish meals you had eaten, but not yet recorded, after receiving this reminder?
Frequently ¢
A few times ¢
Never  ¢
Each email newsletter included a reminder about a feature of the Pier 2 Peer application (for example, 
species recommendations, or finding fish outlets). How often did you explore features of the 
application, after receiving these reminders?
Frequently ¢






Would you like to hear about the outcomes of this study, at some time within the next year?
Yes ¢    
No ¢
Would you like to know if and when Pier 2 Peer is made available publicly?
Yes ¢    
No ¢
If you answered ‘yes’ to either of the two previous questions, your email address will be retained solely for the 
purpose of contacting you with that information.
Thank you for completing this questionnaire. You will shortly receive an iTunes voucher code as a token of our 
appreciation.
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Appendix 7
Fortnightly newsletters
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